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When you buy alloy steel from 
Ryerson stocks you can relax in the 
knowledge that your steel will accu- 
rately meet performance require- 
ments. That’s because you can spe- 
cify the minimum hardenability you 
need and, with Ryerson tested alloys 
plus chart service, be sure you 
get it. 

This safe, convenient service be- 
gins with the hardenability testing 
of all annealed and as-rolled Ryerson 
alloys. You specify hardenability and 
Ryerson selects only those bars that 
meet your requirements on the basis 
of actual tests—minimizing the pos- 
sibility of faiiure in finished parts. 

Then, you receive a Ryerson Alloy 
Report with the steel that charts the 
test results and lists chemical analy- 
sis, mechanical properties and recom- 


.--on Ryerson Chart Service 


mended working temperatures. The 
Report not only confirms the steel’s 
hardenability but also serves as a 
useful heat treating guide. 

Hardenability is nothing new with 
Ryerson. It’s been part of Ryerson 
Alloy Service for ten years now— 
part of a system designed to help 
you buy and assure the correct ap- 
plication of all alloy steel. So for 
extra service on alloys draw on the 
nation’s largest stocks, ready for 
prompt shipment from nearby Ryer- 
son plants. A new Ryerson Alloy 
Stock List is available on request. 

Joseph T. Ryerson & Son, Inc., 
Plants: New York, Boston, Phila- 
delphia, Detroit, Cincinnati, Cleve- 
land, Pittsburgh, Buffalo, Chicago, 
Milwaukee, St. Louis, Los Angeles, 
San Francisco. 


se. 
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Thorium, zirconium and uranium have been studied by the research staff of 
Westinghouse Electric Corp.’s lamp division for nearly 20 years, as being likely 
metals for use in improved electron tubes. Their ability to make uranium of better 
than 99.97% purity was of extreme importance to the “‘atomic bomb” project, it being 
available for the multitude of necessary physical and chemical measurements and 
for the construction of the original plutonium pile — the first atomic power plant. 





Production of Thorium. 


Zireonium and Uranium 





THE RARER or less familiar elements to be 

considered in this paper are thorium, zir- 
conium and uranium. All three were prepared in 
amore or less pure state in the early part of the 
19th century. Since that time purer raw materials 
were produced, improvements were made in these 
earlier methods and new methods were developed 
so that the metals themselves were recovered in a 
much more refined state. High-purity metals are 
desirable for industrial utilization and for the 
production of wire and sheet. Methods for prepa- 
ration in the required state of purity will be 
treated later in detail, but the general processes 
for reduction will now be considered. 

Seven general methods of recovering metals 
from their ores or compounds may be listed as 
follows (without regard to order of their commer- 
cial importance) : 

|. Reduction of oxides with hydrogen. 

2. Reduction of oxides with carbon or carbon 
monoxide. 

3. Reduction of oxides with calcium, magne- 
sium, or aluminum. 

+. Reduction of halides with alkalis or alka- 
line earths. 

». Thermal dissociation of compounds. 


*!his document is based on work performed for 
the Atomic Energy Project, and the information cov- 
ered ‘herein will appear in Division VII of the 
‘National Nuclear Energy Series” (Manhattan Project 
Technical Section) as part of the contribution of 
Westin shouse Electric Corp. 


6. Electrolytic reduction of compounds from 
aqueous solutions. 

7. Electrolytic reduction of compounds in 
fused salts. 

The hydrogen reduction method, although 
used successfully commercially in reducing tung- 
sten and molybdenum oxides, fails completely for 
thorium, zirconium and uranium. When the 
oxides of the three metals under consideration are 
reduced with carbon (the process so successful 
for most of the common metals), the resulting 
metal generally has a high carbon content and is 
quite brittle. 

Reduction of thorium, zirconium or uranium 
oxides with magnesium generally produces a low- 
grade metal powder, but when calcium is used, 
especially in the presence of calcium ‘chloride, a 
fairly good metal is obtained. Alumino-thermic 
reductions generally are violent and produce some 
beads of metal but usually the product is unsatis- 
factory and often forms alloys with aluminum 
which are not easily decomposed. 

Thermal dissociation of compounds, such as 
the iodide, has been commercially used in the 





By George Meister 
Research Engineer, Lamp Division 
Westinghouse Electric Corp 
Bloomfield, N. J 
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production of zirconium and produces a metal of 
very high purity. The iodide is decomposed by a 
hot filament, usually tungsten, and the pure metal 
deposited thereon. 

A good grade of thorium, zirconium or ura- 
nium powder may be deposited by fused salt 
electrolysis, the last process listed on p. 515. 


Thorium Production 


Thorium was discovered in 1829 by the 
Swedish chemist Berzelius who prepared the 
impure metal by heating a mixture of potassium 
thorium fluoride (KThF,;) with potassium. In 
1914 Lely and Hamburger prepared 99% thorium 
by distilling sodium and thorium chloride into an 
exhausted steel cylinder. In 1927 Marden and 
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Rentschler prepared metallic thorium by reducing 
the oxide with calcium in the presence of calcium 
chloride: 


ThO, + 2Ca + 2CaCl, = Th + 2CaO-CaCl, 


This method was by far the simplest of all. The 
powder, after heat treatment in vacuo, analyzed 
as high as 99.7% thorium. This metal powder 
could be sintered or melted and then rolled or 
swaged into wire and sheet. 

Driggs and Lilliendahl, in 1930, prepared 
thorium by fused salt electrolysis, wherein the 
electrolyte is a fused salt instead of an aqueous 
solution (a process entirely analogous to the com- 
mercial method of aluminum reduction). 

Figure 1 contains diagrams of the different 
cells used in fused salt electrolysis. In Type I the 
deposited metal is collected as a melt in which 
the temperature of the bath is hotter than the 
melting point of the metal. In Type II the molten 
metal is deposited on a cathode that is sufficiently 
chilled to collect the metal as a solid. In Type III 
the melting point of the metal exceeds that of the 
bath and the metal is collected as a powder. 











Electrolysis of thorium involves the prcpara. 
tion of potassium-thorium fluoride which is then 
electrolyzed to thorium powder in an “electrolyte 
consisting of equal parts by weight of sodium and 
potassium chloride (Type III). The electrolysis is 
conducted in a graphite crucible which acts as the 
anode while a molybdenum strip centrally located 
and extending into the bath serves as the cathode. 
The salts are melted, potassium-thorium fluoride 
added, and a direct-current voltage applied. 
Thorium deposits on the cathode and collects as 4 
mixture of a salt and metal. After completing the 
electrolysis, the cathode is slowly raised from the 
bath and the solidified salts act as a protective 
coating on the metal powder, preventing oxidation. 
The deposit is broken off the cathode, collected, 
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- Diagrams of Three Types of Fused Bath Electrolysis 


and the soluble salts leached out with water and 
dilute acid. The washed metal powder is finally 
dried in vacuo. This powder can be pressed into 
metal compacts and sintered in vacuo or melted 
(at about 3350° F.) in a suitable refractory. 

Properties of Thorium — Thorium 
(atomic number 90, atomic weight 232.12) is very 
soft; its Vickers hardness is about 100 (Rockwell 
B-10) which is comparable to annealed copper. 
A freshly prepared surface is bright. It subse- 
quently becomes covered with a protective oxide 
film that prevents any further attack. The density 
of sintered thorium is approximately 11.3 and 
the melted metal 11.5— about the same as lead 
(11.34). The X-ray density reported by Hull is 
11.7. It may be cold rolled into wire or sheet. I! 
may also be cold swaged, but cannot readily be 
cold drawn because of its relatively low tensile 
strength. At room temperature it has a face 
centered cubic lattice. The present importance of 
thorium (next but one element in the periodic 
sequence to uranium) is indicated in the repor! 
to the General Assembly of the United Nations by 
an international group of 12 scientists on the 


metal 
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Zircon Sand + Carbon Fig. 2 — Flow Sheet of Process for 
Reduction of Zirconium Chloride 
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pean” chamae the thermal decomposition of zirconium iodide on 
a hot filament. This same method is the invention 

Chlorine an Chiorinator Sill ' " 
— = ae . in 1925 of DeBoer and Fast who prepared and 
Chlorine Raw creams Chioriae obtained the physical properties of ductile zir- 
Fe Cle conium. Thermal decomposition is now utilized 
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commercially by Foote Mineral Co.* for the pro- 

duction of crystalline rods which are swaged and 
en = Radon Furnace then drawn into wire. 
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Nevertheless there has been some degree of 
success in the preparation of pure zirconium by 
r Ge Distilling — | W. Kroll and co-workers at the Bureau of Mines. 
The method, the flow sheet for which is given in 
Fig. 2, is essentially the reduction of zirconium 
| Vacuum Arc Furnace | chloride with magnesium. First, zircon sand is 
converted into a carbide by heating with carbon in 
an electric furnace. The resulting carbide is then 
chlorinated, yielding zirconium chloride which is 


Zircomum + Bz, xCess Mg + MgC, 








Lump Zircomum 








Zircomum Ingots 


scientific and technical aspects of atomic control then vaporized in a specially designed reduction 
Sept. 26, 1946) in which it is noted that purified furnace and reacted with molten magnesium metal 
thorium plus “nuclear fuel” produces U5’, which in an atmosphere of helium. The mass of spongy 
in turn can be separated from its associates into a zirconium, excess magnesium and magnesium 
“concentrated nuclear fuel”. In other words, it is chloride is then purified by vacuum distillation 
a second raw material (in addition to the less and the residual zirconium melted in an are fur- 
abundant uranium) that is interesting from the nace under purified helium. 

standpoint of release of energy by nuclear fission This process is certainly ingenious but some- 
for power or explosive production. what complicated. However, Dr. Kroll has been 


successful in fabricating large pieces of zirconium 


Zirconium Production 
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Zirconium is a metal in the same Group 
lV in the periodic system as thorium, although 
much lighter (atomic number 40, atomic 
weight 91.22). It was also prepared by 












































Berzelius (1824) by the reduction of potas- Molybdenum \ 
a ve 
sium-zirconium fluoride with potassium — the ” Charge 
same method he used in 1829 to prepare i No 
thori All ; lev es Le of N < 
um. All attempts, however, to produce a NY sh N-Gou, for 

pure zirconium, ductile at room temperatures, on N° re 
by . ‘ : on NO Frequency 
'v reduction of the oxide, chloride and potas- | | on nS Current 

. . . . . . of . 
sium-zirconium fluorides with sodium, calcium | on Nc 

; ° 
or Magnesium at a reasonable cost have more | > yo 
or less failed. Even the fused salt electrolysis 
of zirconium compounds failed. | | 
Some of these practical operating difficul- ty 

ties may be inherent in the metal itself, which | Gas 4 insulator il ~ heter 7 Cooling 
‘ : . ira, be 
absorbs gases such as oxygen and nitrogen Seed 
readily at elevated temperatures and conse- S 


quentiy results in a brittle metal. Manometer 
‘he only ductile zirconium metal prepared | 


comicrcially today is that obtained through 


Fig. 3 — Equipment Used by Lillien- 

*\ recent summary was given by W. M. | dahland Rentschler for Reducing 
mays of Foote Mineral Co. in Mining and Metal- bK—} Zirconium Oxide With Calcium or 
“gy ‘or June 1947, p. 284. Magnesium in an Atmosphere of Argon 
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(up to 1 lb.) and has definitely shown that it can 
be rolled into sheet. 

Lilliendah] and Rentschler of Westinghouse 
Electric Corp.’s staff were also interested in pro- 
ducing pure zirconium, and have described their 
work in a paper before the spring 1947 meeting 
of The Electrochemical Society, entitled “Recent 
Developments in the Preparation of Zirconium” 
(Preprint 91-16). Formerly, oxide reductions with 
the alkaline earth metals were accomplished in 
heavy-walled closed iron cylinders called “bombs”. 
This method was fairly suc- 
cessful. However, there were 
difficulties in that the reaction 


Mercury Diffusion Pump 





products were confined in a (a 
closed system and could not be 
controlled, especially as to gas 
impurities. Therefore, an 
improvement in the method 
seemed to be in order. 

Raw materials, particularly 
calcium and magnesium, are 
now obtainable with a higher 
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degree of purity than formerly; 
furthermore, improved _ tech- 
niques allowed the reactions to 








in a hydraulic press at 80,000 to 100,000 psi. These 
compacts are strong and can readily be handled, 
They may be sintered in high vacuum in the equip. 
ment sketched in Fig. 4, or melted at 3380 F, jp 
the same equipment as Fig. 3 in high vacuum on 
thorium oxide or other suitable refractory. |p 
either event the vacuum should be 10° millimeters 
or better. 

The analysis of this metal powder showed, 
on the average, 0.02% carbon, 0.02% silica, 0.04% 
iron, 0.10% calcium and 0.01% titanium. 
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be controlled and to be effected 
in vacuo or in an inert atmos- t 
phere. Thus it was possible to 
prepare pure zirconium by 
reducing the oxide with calcium 
or magnesium contained in a molybdenum crucible 
in an atmosphere of argon. This assembly was 
surrounded with a special glass bulb (“Vycor”) 
that has the high temperature-resistant qualities 
of quartz, and the crucible is heated by high fre- 
quency currents (Fig. 3). Any excessive vaporiza- 
tion of calcium or magnesium at 1000 to 1200° C. 
(1800 to 2200° F.) was suppressed by the inert gas 
filling. Thus, it was possible to reduce consider- 
ably the contamination with active gases, such as 
oxygen and nitrogen, which are exceedingly 
harmful to a workable zirconium. 

The metal was obtained in powder form and 
compressed in hardened steel dies into compacts 


Table I— Properties of Zirconium Wire 


+ Jo Vacuum Pump 


Fig. 4 — Furnace for Sintering Zir- 
conium Compacts in a High Vacuum 


sintered zir- 
Cast 


could 


Properties of Zirconium — The 
conium had a Rockwell hardness of B-90. 
zirconium was harder, but both varieties 
readily be machined, tapped and drilled. It 's 
hoped to produce zirconium which is ductile when 
cold by further refinements in this technique 
This metal is stable in the air and does not tarnish, 
as do thorium and uranium. It has a _ bright 
and silvery luster and has the unusual property 0! 
resisting hydrochloric acid in all concentrations 
and temperatures. Its specific gravity is 6.9 
sintered —a little less than zine (7.14). Like 
zinc, it has a hexagonal close packed crystal struc 
When cold worked the metal hardens rap 

idly, needing frequent process annealing. 
which requires 15 min. at 1500° F., either 
in argon or high vacuum. Its property of 


ture. 





1 
TEMPERED 
850° F. 


Hanp 
DRAWN 


| 

| 

Ultimate strength 88,300 
32,100 

63,300 

| 40.6 

85 

14.5 


B-87 


81,600 
29,100 
48,300 1 

26.0 

12.0 

14.0 

B-88 


0.01% proportional limit 
0.1% yield strength 
Reduction of area 
Elongation in 8 dia. 
Elastic modulus X 10° | 
Rockwell hardness 





ANNEALED 
1450° F. 


35,900 


8,350 
3,800 
32.2 


ORR 


11.35 
B-30 


absorbing oxygen and nitrogen rapidly 
about 1650°F. and holding these gases 
tenaciously even up to the melting point 
makes zirconium a valuable “getter” 1 
vacuum tubes. Table I, from Mr. Raynor’ 
article in Mining and Metallurgy. June 
1947, gives tensile properties of 
from 


nrc 
vaged 


nium wire, cold drawn 77% 
14-in. bars. 
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Production of Uranium 





Uranium was first proved to be a chemical 
element by the German chemist Klaproth in 1789, 
but the metal was first prepared in 1841 by 
the Frenchman Péligot who reduced uranium 
chloride (UCI,) with potassium. Since that time 
practically all the reduction methods had been 
tried with some degree of success. About 1920 
Marden and Rentschler successfully applied their 
thorium method for reduction in a closed metal 
bomb with calcium and calcium chloride. A bet- 

ter product was obtained by 
reducing uranium double flu- 
oride with calcium. 













», (NOs I> de} ays HF+KF. 220 Cali, + Nac! 
“big + HCOOH 








primary consideration was purity of metal. The 
purity requirements of the metallic uranium 
necessary for the atomic energy experiments were 
very rigid. 

Either uranium oxide or fluoride could be 
reduced in the calcium bomb, when calcium 
chloride was used as a flux: 


UO, + 2Ca + CaCl, = U + 2CaO + CaCl, 


However, early in 1942 (when these materials were 
needed) it was found that there was no quantity 
of high-purity calcium metal available! The 
best uranium compound procurable in quantity 
was recrystallized uranyl nitrate. This salt could 
be ignited to oxide, or photo-reduced and pre- 
cipitated as pure potassium-uranium fluoride. 
It was these factors that made the electrolytic 
process the preferred method 
rather than reduction by calcium. 

The electrolytic process as 




















originally described by Driggs and 
Lilliendahl is outlined in Fig. 5. 
It consisted in fusing a mixture 
of calcium chloride and sodium 
chloride plus a small per cent 
of potassium-uranium fluoride in 
a graphite crucible at 800° C. 
(1475° F.). The crucible was the 
anode of the cell and a molybde- 

































About 1930 Driggs and Lilliendahl, who were 
successful in producing other pure rare metals by 
lused salt electrolysis, made high-purity uranium 
metal by electrolyzing potassium-uranium fluoride 
ina fused mixture of sodium chloride and calcium 
chloride. The potassium-uranium fluoride was 
prepared by photochemical reduction of a solution 
of uranyl nitrate, according to the reaction: 


UO‘ NO,).°6H,O + HCOOH + KF-2H,0 + 4HF 
KUF, + 2HPO, + 10H,O+ CO, 


ius, when the time came for quantity pro- 
duction, early in the history of the Manhattan 
Projet, the Westinghouse organization had expe- 
rene with two processes. At that time the 
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Fig. 5 — Diagram of Driggs and Lilliendahl's 
Original Electrolytic Process for Producing 
Uranium Powder and Its Subsequent Steps 
to Make Fused Nuggets of 99.9% Purity 
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num strip suspended in the bath 
was the cathode. The uranium 
was deposited as a loosely adher- 
ing mass consisting of metal pow- 
der admixed with bath salts. The 
salts prevented oxidation as the 
electrode was withdrawn from the 
bath and cooled. The deposit was 
chipped off, crushed, washed with 
water, ground wet and worked 
again. About 10 g. of metal pow- 
der was produced for each run of 
30 min. The metal powder was 





filtered, dried in vacuo, pressed into pellets, and 
fused in vacuo. 

The metal powder also could be sintered 
below its melting point, but because many volatile 
impurities were removed and the oxide separated 
during vacuum fusion it was essential to fuse the 
metal if it should have the highest purity. The 
separation of the oxide as slag from the uranium 
powder was a decided advantage; the process is 
different in this respect from the reduction of 
thorium or zirconium oxide. The vacuum-fused 
uranium pieces as prepared by Driggs and Lil- 
liendahl weighed 20 to 30 g., were about the size 
and shape of a cashew nut, and analyzed to 99.9% 
metallic uranium. 





































Properties of Uranium — Uranium, like tho- 
rium, has a steel-like metallic color. It slowly 
oxidizes in air and acquires a brown surface in a 
few days. Fused and cast uranium has a hardness 
of Rockwell B-92 to 94 and can be cold worked 
into wire and sheet. The density of the ingot 
is 18.9, almost as heavy as tungsten (19.2). 


Commercial Production of Uranium 


In December 1941 the first order from the 
National Defense Research Committee for uranium 
was for 10 kg. — which seemed like a large quan- 
tity to the Westinghouse staff at the time.* This 
order was filled by operating two small laboratory 
furnaces, a few wooden tubs on the roof (utilizing 
sunlight for the photochemical reduction to pro- 
duce “green salt”, KUF,;), and a somewhat larger 





The material efficiency of the cells was incteaseq 
from 40 to 80%. The slowly produced KUF, was 
replaced by UF,, made by hydrofluorination of the 
oxide, which in turn was produced from urany| 
nitrate purified by ether extraction. This uranous 
fluoride was of a purity seldom achieved even on 4 
laboratory scale. Thus the dependence of the 
process upon the weather disappeared. 

Our success in producing uranium for the 
Manhattan Project can best be quoted from the 
so-called Smyth report, “A General Account of 
the Development of Methods of Using Atomic 
Energy for Military Purposes Under the Auspices 
of the United States Government, 1940-1945 :" 

“At the end of 1941 the only uranium meta! 
in existence was a few grams of good material 
made on an experimental basis by the Westing- 
house Electric and Mfg. Co. and others, and a few 


Table Il — Physical Properties of the Heavy Metals 



































METAL ATOMIC CRYSTAL ROCKWELL | MELTING | DENsiTY | _ X-Ray Ka, | PHOTOELECTRIC 
NUMBER STRUCTURE HARDNESS | POINT | EFFICIENCY | THRESHOLD 
Thorium 90 Face-centered cubic B-10 1842° C. | 11.5 120 0.134 A 3700 A 
Zirconium 40 | Hexagonal close packed B-90 1857 6.53 | — 0.784 | 3150 
Uranium 92 Orthorhombic B-92 1150+ | 18.9 | 125 0.126 3400 
Tungsten | 74 Body-centered cubic C-45 3382 | 19.2 | 91 0.208 2690 











vacuum melting apparatus. This material was 
supplied in various shapes and sizes for the use 
of physicists who were making measurements and 
calculations for the “pile” which eventually was 
able to make the new trans-uranium element No. 
94 (plutonium). 

These articles varied from cast spheres with 
pipes through the center, to spirals of square 
wire, and many others which taxed the ingenuity 
of the men and the facilities of the laboratory. 

Increased production was accomplished by 
merely enlarging the laboratory setup. There was 
no time for extensive development of cells, photo- 
chemical reduction apparatus, and vacuum fur- 
naces; all units were merely increased in size to a 
reasonable extent, and then more units added to 
meet the increased demand. ; 


However, some improvements were made. 





*EpitTor’s Footnote — It will be recalled that the 
uranium existing in nature is a mixture of isotopes. 
The bulk is of the stable one (,,U238), but there is 
0.71% of a radioactive isotope ,.U235. U285 can either 
be separated, or used unseparated in a “pile” wherein 
particles (neutrons) emitted during its natural decay 
react with the stable U238 converting it into a new 
radioactive element plutonium, ,,Pu?3%, Either U235 
or Pu?39® will form explosive chain reactions when 
purified and in mass of sufficient size. 


pounds of highly impure pyrophoric powder made 
by another company.” 

Dr. Smyth noted that the production of KUF;, 
was a potential bottleneck and that steps were 
taken to make UF, available. 

“As the result of this supply of raw material 
to Westinghouse, and as a result of plant expan- 
sion, deliveries from Westinghouse had accumvu- 
lated to a total of more than 6000 lb. by November 
a The purity of the metal was good and 
the cost had dropped to $22 per Ib.” 

Production reached an average of 500 Ib. per 
day by January 1943 (while costs of course 
decreased still further) and totaled about 65 tons 
before this manufacture was discontinued in the 
fall of 1943, in favor of a new process that was 
developed “by F. H. Spedding and his associates 
at Iowa State College at Ames, Iowa, and by C. J. 
Rodden at the National Bureau of Standards’ 
—again to quote the Smyth report. “The 
process was extremely simple, rapid and low cost.’ 

The important contribution of the Westin¢ 
house organization was not the tons of meta! pre 
duced, but the fact that sizable quantities ° 
exceedingly pure metal were supplied for the very 
first experiments on atomic energy and thereby 
saved months of precious time. 2 
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American Developments in Atomic Energy 


Extracts from 3rd Semiannual Report of United States Atomic Energy Commission to Congress (Jan. 31, 1948) 


URING 1947 there was progress toward the 

repair of administrative and physical erosion 
which followed the cessation of hostilities. At Los 
Alamos, where the weapons program is concentrated, 
a number of steps improved and standardized 
weapon components. Atomic weapons produced 
during the war were laboratory products. For 
longer-term operation basic changes are necessitated 
including expansion of production facilities to effect 
a continuous flow of improved and standardized 
components, new designs, and improved methods for 
storage and handling. This work progressed to a 
point permitting field tests at a proving ground 
established on Eniwetok Atoll. 

A general program for expanded production of 
fissionable materials was started. Supplies of source 
material have come predominantly from foreign 
countries; in the United States during the war the 
only recovery was byproduct uranium from vana- 
dium mines and tailings in Colorado and Utah. 
Government-owned facilities were dismantled or 
declared surplus; following the war privately-owned 
plants curtailed or suspended, and the only opera- 
tions at the present time are those sustained by 
government purchases of uranium and vanadium. 
The Commission’s general policy is to purchase ores 
from private sources and to accumulate an ore 
stockpile. Intensive work is directed toward deter- 
mining the uranium resources of the United States, 
which includes the discovery of ore reserves and 
improvement of the refining and recovery processes. 
Experience is being reflected in improved quality 
and efficiency; the program is demanding an ever- 
increasing output, but unit costs have been reduced. 

Equally important is the development of more 
efficient reactors. (Production operations account 
for about 70% of construction expenditures and 
about 80% of operating expenditures.) Current 
emphasis is on the development of improved meth- 
ods of plutonium manufacture and separation; 
facilities at Hanford, Wash., are being expanded 
in an operation that constitutes one of the largest 
construction programs ever undertaken by the 
Government in peacetime. Operations are being 
further reduced at the Oak Ridge, Tenn., electro- 
magnetic plant for separation of the uranium 
isotopes, although much of the equipment is main- 
tained in standby condition. Production is being 
increased at the gaseous diffusion plant. 

Expansion of production of fissionable elements 
therefore takes place along four main lines: (a) 
through new sources of raw materials, (b) through 
improvements of processes for the reduction of ores 
and preparation of feed materials, (c) through 
renovation and expansion of existing facilities for 
the production of fissionable materials and advances 
in operating techniques, and (d) through develop- 


ment of nuclear reactors for more efficient utiliza- 
tion of fissionable material. 

One important line of work in connection with 
the last-mentioned is to perfect a ‘‘breeder’’, or 
commercial reactor which will create more fission- 
able material than is put into it as fuel, an opera- 
tion that is known theoretically to be possible. 
(**Fuel’’ in the above sense means the fertile mate- 
rial that is the source of energy and neutrons.) 
The significance of this work is related to the stores 
of uranium and thorium in the earth, and the eco- 
nomic, political, and technological problems of their 
recovery. 

There is a complete interlocking of the scien- 
tific and engineering problems of the ‘‘breeder’’ 
and the power-generating reactor. The required 
materials of construction include moderators, cool- 
ants, structural materials, shielding and auxiliary 
handling mechanisms. Specifications for these cover 
neutron absorption characteristics, corrosion resist- 
ance, stability under high temperature and intense 
radiation, and workability into strong shapes. Suffi- 
cient progress has been made to permit the design 
of medium high temperature reactors that can pro- 
duce power on an experimental basis, and one such 
should be in operation in 1950. 

The time required to produce usable amounts 
of new fuel through ‘‘breeding’’ introduces an 
unavoidable lag so that, assuming even a most 
favorable technical development, it is hardly possi- 
ble to generate any considerable portion of the 
present power supply of the world from nuclear 
fuel short of 20 years. 

While the Commission’s laboratories conduct 
all basic research involving reactors,* more than 
100 research contracts are in effect and a $90,000,000 
plan for new research facilities was inaugurated. 
The major accomplishment, however, was the con- 
solidation of programmatic research projects and 
the establishment of a research policy designed to 
utilize the full scientific potential of the nation. 

|The national plan centers at three laboratories 

Argonne near Chicago, Oak Ridge, Tenn., and 
Brookhaven, L. I. — in each of which a large group 
of universities in the adjacent territory is repre 
sented on the Council to steer research in the Uni- 
versity laboratories, and to provide training at all 
levels up to postgraduate. A major fraction of the 
Atomic Energy Commission's report describes such 
research facilities, discusses the interchange of 
information so derived, the current and expected 
achievements in biology and medicine, and the 
synthesis of ‘‘labeled’’ organic compounds con- 
taining radioactive C".| 





*For notes on the-production and distribution of 
isotopes for research purposes see Metal Progress for 
February, p. 234. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
vot imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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The second portion of a critical resume of publications concerning wartime work 
on spot welding. The first installment (“Macroscopic Examination of Spot 
Welds in Aluminum”) was printed in the February issue of Metal Progress. 





Radiographic Appraisal of 


Spot Welds in Aluminum 





THE Use or X-rays for the examination of 

spet welds in aluminum sheets was a very 
important development during the war _ period. 
Radiography is an essential tool, and is recognized 
as such by all research workers in this field. It 
is also of great use in production, both for process 
control and for final inspection. The armed serv- 
ices have recognized its importance by incorporat- 
ing in the joint Army-Navy specification (reference 
No. 1 listed on p. 566) requirements of quality as 
revealed by radiographic examination. 

However, replies to a recent questionnaire 
sent to various aircraft companies indicate that 
radiography has not found the general acceptance 
in postwar industry to which it is apparently 
entitled. This is probably because the most obvi- 
ous details revealed on the radiograph are cracks 
and porosity, and that the effect of such defects 
on the service life of spot welded parts is a matter 
of controversy. As will be shown later, radiog- 
raphy — besides revealing voids—- will also give 
other important information. 

The great advancements mentioned did not 
just happen, but were the result of activities by 
many people, some of whom published their work. 
Among the first to discuss spot weld radiography 





By Gerard H. Boss 
Aeronautical Materials Lab« ratory 
Naval Air Experimental Station 
Naval Air Material Center, Philadelphia Naval Base 
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were Hess, Wyant, and Averbach in reference 
No. 2, wherein the authors recognize the require- 
ments of good spot weld radiography as known 
today, namely, good contrast and exceedingly 
fine definition. Means for attaining these require- 
ments have also been discussed in_ references 
No. 3, 4 and 5. All investigators have stressed 
low voltages, as being necessary for good contrast, 
reference No. 2 mentioning the use of voltages as 
low as 15 kv. Woolsey, McMaster and co-workers, 
in reference No. 5, recommend 30 to 50 kv., and 
Smith and Keller (reference No. 4) recommend 
22 to 32.5 kv. However, in a recent conversation 
with this reviewer, F. Keller, co-author of refer- 
ence No. 4, stated that up to 50 kv. should be 
satisfactory. 

A summary of the scientific principles behind 
radiography will be attempted here to give the 
reason for the low voltage. 

X-rays originate at the surface of the large! 
in the generating tube and their penetrating powe! 
increases with decreasing wave length. Wave 
length of the rays emanating from a given large! 
varies inversely as the voltage impressed on the 
tube — that is, the lower the voltage the longe! 
the wave length. An X-ray is a shadowgraph ©! 
the path of the rays, the density of the exposur 
at any one spot on the film being inversely pre 
portional to the absorption suffered by the rays 
before reaching that spot. When X-rays are pene 





*The opinions or assertions contained this 
article are the private ones of the writer and <re 20! 
to be construed as official or reflecting the viows © 
the naval service at large. 












































trating a heterogeneous substance, the difference 
in the proportion of the rays absorbed by particles 
of any two elements, say copper and aluminum, 
increases as the wave length of the rays increases. 
Thus, the longer the wave length, and correspond- 
ingly lower the voltage across the tube, the greater 
the contrast in density produced by heterogeneity 
of the alloy and registered at different points on 
the negative. Of course, density cannot be con- 
tinuously improved by indefinite increase in wave 
length; a point will be reached at which the object 
becomes impervious to the long X-rays. 

Another necessity for good contrast is a dense 
negative. All references quoted here recommend 
a density of 2 to 3. If a film densitometer is not 
available a good check is to hold the negative 
right against a small fluorescent tube in an aver- 
age interior. If the spot weld can be readily 
located, the film is too light (not dense enough). 





Fig. 1 Radiograph of Spot Weld in 24. S5-T Alclad 
Sheet Showing a “Spit”. Radiograph enlarged 6X. 


From reference No. 3, courtesy G. W. Scott, Jr. 


\ viewer for examining dark negatives will be 
described later. 

A good X-ray unit must have several special 
characteristics. In order to enhance contrast 
there must be very little filtration of X-rays as 
they pass from the target to the air. This means 
the tube should have a thin wall and that the 
Window should be of a light substance for exam- 
ple, sheet beryllium. Another requirement is that 
the focal spot of the target be very small — that is 
lo say, the ideal arrangement would be for the 
rays to come from a point source. 

‘n order to get the necessary detail, fine- 
stained films are necessary. Fortunately, indus- 
rial-'vpe films with sufficiently fine grain are 
wWatloble, such as Agfa Superay B and Kodak Type 


M. These are the slowest of all industrial films. 

Fine-grained films are required because it is 
frequently necessary to magnify the radiographic 
image up to 10 diameters. The usual coarse- 
grained films are quite dappled in appearance at 
these magnifications, and the contrasting areas 
not at all clean-cut. Fluorescent intensifying 
screens are not recommended, as the crystals of 
the fluorescent compound also tend to cause a 
grainy pattern. 

The slowness of the films coupled with the 
low tube voltage results in rather prolonged 
exposures. Thus, Hess, Wyant, and Averbach in 
reference No. 2 used a 10-milliampere tube current 
for 30 min. with 19.5-in. source-film distance. The 
other investigators also mentioned exposures which 
to this reviewer seem rather long. Employing a 
General Electric mobile dental and industrial unit 
he exposes 6 to 30 sec. with 15-milliampere tube 
current, voltage between 30 and 55 kv. depending 
on the sheet’s thickness, source-film distance of 
11 to 15 in. (This latter should be at least 20 
times the film-object distance.) 

The most obvious (and accordingly, first) use 
of radiography was in the detection of subsurface 
holes and cracks in spot welds and this is still the 
most important information obtained. Holes 
appear as black areas, whereas cracks cause 
feathery black lines on the negative. The early 
investigators soon discovered that at times no 
actual voids could be located in a macrograph of 
a spot weld when its radiograph gave positive 
evidence of their presence. 

Radiography also reveals all “spits” with no 
uncertainty (Fig. 1). Spits are formed by the 
expulsion of metal from the molten slug, and will 
be discussed later in some detail. 

Since the radiograph is nothing but the shad- 
owgraph of the spot weld, it reproduces its exact 
shape, and thus reveals irregular or out-of-round 
nuggets. (As mentioned elsewhere, such defects 
are principally due to a high surface’ resistance.) 
In the radiograph, toroids, or doughnuts, show as 
dark circles within the spot weld’s image. While 
toroidal and misshaped spot welds are just as 
strong as others of the same size, they are unde- 
sirable danger signals because they indicate poor 
welding conditions. 

If the electrode tip is very dirty, or if the 
sheet’s surface has a high resistance, copper from 
the tip may be deposited on the sheet. This con- 
dition, which may later cause corrosion at that 
region, appears on the negative as blotchy white 
areas. 

Determination of Strength The first indica- 
tions that radiography might be able to do more 
than discover cracks is given in reference No. 2, 
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in which it is mentioned 
that there might be some 
correlation between the 
circles found in the radio- 
graph and the size of the 
nugget. Keller and Smith 
in reference No. 4 actually 
found such correlation 
and also attempted to 
relate one circle to the size 
of the weld. 

All the following dis- 
cussion on the correlation 
of radiograph with macro- 
graph is limited to the 
high-copper or high-zine 
alloys of aluminum, such 
as 24S, R301, R303, and 
75S. This is because the 
inevitable segregation of 
the copper or zine which 
occurs during solidifica- 
tion causes easily observ- 
able differences in density 
of the radiograph. The 
other sheet alloys, having 
only small quantities of 
metals which are so much 
denser than aluminum, do 
not exhibit details of structure due to segregation. 
Hence, radiographs of spot welded joints in these 
alloys can only be used for the detection of cracks 
and holes. 

Figure 2, from reference No. 6, shows the 
macrograph and radiograph of the same spot weld 
so that corresponding features can be compared. 
The dark central circle on the reproduction of the 
radiograph* corresponds to the dark ring on the 
macrograph and is the true nugget diameter. This 
dark central circle is really differentiated into a 
darker center and a lighter edge. The dark central 
zone corresponds to the limits of the equiaxed 
zone in the center of the nugget which etches 
rather lightly in the macrograph. The lighter bor- 
der in the reproduction of the radiograph marks 
the limit of the columnar outer zone of the nugget. 
These dark and light areas are the result of com- 
plicated segregation effects occurring during 
solidification of the molten slug. It can also be 
seen that the bright outer ring in Fig. 2 corre- 
sponds to the corona—the quasi pressure weld 
surrounding the true nugget. 

This is further demonstrated in Fig. 3 from 
reference No. 6. The top pictures are etched 


Courtesy F. 


*The light and dark areas on the enlargements 
of the radiographs published in this article correspond 
to the light and dark areas on the original negative. 











Fig. 2 — Radiograph (Below) and Mac- 
rograph of Same Spot Weld. 10x. 


Keller; reference No. 6 


macrographs of spot welds 
of increasing nugge! size. 
The bottom pictures dis. 
play the variation in ring 
diameters as the slug 
diameter changes. The 
corona has about the same 
outer diameter in all three 
welds. The middle pic- 
tures, made after the 
welds were sheared, are 
included for general inter- 
est and correlation. 

Keller and Smith in 
reference No. 6 set up two 
formulas for the shear 
strength as determined 
from the radiographic 
image. The first, using the 
diameter of the outer dark 
ring, is 

S= 16,000 D2. 

This, like the formula 
S=17,500D? proposed by 
Hess and his co-workers 
at Rensselaer Polytechnic 
Institute, takes no account 
of the strength of the 
corona bond. 

The second formula by Keller and Smith does 
include the corona and depends on d, the diam- 
eter of the outer white ring: 


9 


d2 
S= 16,000 — 
 B 


The divisor 1.5 corresponds to the fact that 
the corona band has only 6500 psi. shear strength, 
while the nugget has a shear strength of 21,000 
psi. Tables presented in reference No. 6 show 4 
fairly good correlation between calculated and 
actual shear strength, using either of these two 
formulas. 

Traveling over the path blazed by Keller and 
Smith, McMaster and his co-workers at California 
Institute of Technology investigated means of cal- 
culating the shear strength from the radiograph 
(reference No. 5, Parts I and II). They studied 
thousands of X-ray negatives in cooperation with 
various West Coast aircraft companies. Figure 4 
compares the diameter of the black ring in the 
radiograph to the diameter of the slug as seen ID 
the macrograph. As can be seen, there is virtually 
a one-to-one correspondence. Figure 5 plots the 
square of the black ring diameter against the 
shear strength. This is also obviously a straight- 
line function, and the upper limit of the scatter 
band is in accord with the formula of Keller and 
Smith. However, the constant coefficient f the 
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medi: is smaller in the graph of this series of 
tests, coming to about 12,500. The relation which 
can be expressed in a mathematical formula is the 
mean of many actual readings. Any single spot of 
a sample frem a process under good control may 
vary by an amount equal to +17% of the mean. 

“In opposition to all the results quoted in the 
last few paragraphs is a dissent voiced in refer- 
ence No. 7. It is possible that the grain of the film 
used by those authors was too large. 

Boiling down the above results we have the 
following conclusions: 

1. There is a definite relationship between 

weld size and shear strength. 

2. There is a relationship between the black 
ring diameter of the radiograph and shear strength. 

3. While this relationship is expressible in a 
mathematical formula, any single spot weld may 
vary considerably from the prediction. 

4. Radiography cannot determine the strength 
of any single spot weld in high-copper or zinc- 
bearing alloys of aluminum. 

However, in production control, radiography 
can be used to insure that spot welded joints will 
be above a certain safe minimum in strength. 
That is, for each gage combination that is spot 
welded, a minimum diameter of outer black ring 
can be established. This minimum will not be 


based on the average strength for any diameter 


of black ring as given by the mathematical for- 
mula, but instead will be based on the lowest 
strengths for that diameter as shown in the scat- 
tered points on graphs such as Fig. 5. Then, if 
the sample spot welds from production which are 
X-rayed all exceed this minimum diameter, we can 
feel certain that all spot welds will have strengths 
above the safe minimum, almost without excep- 
tion. Then all spot welds in production must 
exceed this minimum. It will also be necessary 
to set up maximum diameters, because — as will 
be shown later — oversize welds will have cracks 
and other defects visible in the radiograph. 

“Dud” welds show no central dark ring in the 
radiographic print. This is natural, since if the 
dark ring is so small as to disappear, so does the 
slug. However, dud welds in alclad sheets may 
have appreciable strength due to the welding of 
the pure aluminum surface layers at the faying 
plane. Such welding is the same as the corona 
which surrounds the nugget. 

The second part of reference No. 5 reports 
investigations of the radiographs of spot welds in 
sheets of dissimilar thickness. It was found that 
all the conclusions previously reached hold for 
spot welds between sheets in which the ratio of 
thickness varied up to as much as 3 to 1, and 
throughout thicknesses from 0.016 to 0.125 in. 


Fig. 3 — Set of Three Spot Welds of Increasing Nugget Size. Bottom: Radiographs of welds. 
Middle: Welds after shear test for strength. Top: Macrographs of weld cross section after 


shear test. All 644 X. (Original photographs courtesy F. Keller of Aluminum Co. of America) 











Protrusion of the alclad into the spot weld is 
revealed by a marked broadening of the outer ring 
on the radiograph. 


Radiographic Installation 


As has been shown, radiography will reveal 
cracks, spits and irregularity of shape in spot 
welds in any aluminum alloy. In addition, radio- 
graphs of spot welds in aluminum alloy sheet with 
high proportions of zine or copper will also deter- 
mine the size of the spot weld with consequent 
indication of its strength, presence of toroids, and 
protrusion of the cladding into the slug. It must 
be emphasized that such interpretations require 
experience on the part of the inspector. Readers 
interested in learning how to detect these latter 
defects should consult references No. 3 and 5, in 
which excellent examples of these defects are 
reproduced. 

The next two paragraphs will describe the 
system of inspection used at Armstrong Cork Co. 
in Lancaster, Pa., during the war. 

This firm had installed a 90-kv. Picker 
machine adaptable to both an ordinary 
radiographic tube and a diffraction tube. 
The radiographic tube was air cooled, even * 


the current in the bulb. With this arrangement a 
photoflood has satisfactory life, since much «©: the 
time the full current is not used. 

3. A table model, either mounted on its own 
base or fitted into a table already available. This 
is necessary because radiographs will often be 
photographed or viewed through a bench micro- 
scope. Such viewers can be purchased; however, 
a carpenter can make one easily. When made of 
wood it must be lined with transite or some other 
heat resistant material. 

The proper interpretation of spot weld radio- 
graphs is not easy and can be done only by an 
inspector having adequate training. To help him 
understand what he is doing, the inspector should 
be able to correlate the features seen in the X-ray 
negative with the structure as revealed in macro- 
graphic cross sections. Thus, it is necessary for 
him to understand thoroughly the macrography 
of spot welds. 

Defects which are subject to radiographic 
inspection are cracks, holes, spits, duds, and 
irregular shape. The degree of freedom from these 
defects varies with the type of welds examined. 
If made under laboratory supervision welds should 


Table I— Percentage of Permissible Defects 
in Spot Weld Radiographs 





though it used up to 60 milliamperes of 
current. The diffraction tube was used on 
research projects or wherever the best 
detail was wanted, since it has the advan- 





tage that the effective target spot is smaller, Spits 0 0 10 
thus providing a fine beam of rays. Duds 0 0 0 
The exposure room was large enough Irregular shape 0 20 | 30 


Voids, cracks, holes 0 a) 20 


LABORATORY Goop 
DEFECI TEST PRODUCTION 
SPECIMENS WELDING 


SATISFACTORY 
PRODUCTION 








to accommodate aircraft subassemblies, so 
that production weldments could be 
X-rayed. The walls of this room were made of 
Andeleo X-ray plywood, which is ordinary ply- 
wood lined with one sheet of lead jj; in. thick. 
This is a very convenient construction material 
and the lead gives adequate protection against 
X-rays generated by potentials up to 100 kv. 

(Any of the several makers of radiographic 
equipment will be glad to furnish complete 
instructions for the installation of radiographic 
equipment, adapted to the special conditions 
which obtain in the particular place.) 


Inspection of Radiographs 


In order to be able to examine the high-den- 
sity films which are required for adequate con- 
trast, a special viewer is necessary. It will have 
the following characteristics: 


1. 1000-watt lamp or 750-watt photoflood as 
illumination. 
2. Voltage regulator or rheostat for adjusting 
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be 100% perfect. 
impossible to control adequately all the many 
variables which affect quality. This is especially 
true as regards cracks and holes. Accordingly, 3 
limited percentage of most defects must be per 
mitted even in Class A welding. Table I lists the 
tolerances permitted at Armstrong Cork Co. 
The listing in Table I represents much the 
best which can be expected in production welding 
today. At Armstrong Cork Co., any weld of whose 
quality the inspector was doubtful, based on sur 
face examination or for any other reason, W® 
radiographed. Specimens prepared for U. S. Navy's 
quarterly examination were subjected to 100% 
X-ray examination. The final test specimens from 
every new test setup were required to be com 
pletely free of radiographic defects. Also, «iil the 
spot welds made during the periodic che \s ' 
which all production setups were subjected wert 
given the usual radiographic inspection. 


However, in production it 1s 
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As can be seen by the above, radiographic 
inspection was given great emphasis by the staff 
at Armstrong Cork Co. It is this reviewer's belief 
that such extensive use of radiography is justified 
onlv in factories where the entire spot welding 
process is under such excellent supervision as was 
maintained there. Otherwise, such strict inspec- 
tion will result in so many rejections that opera- 
tions will be unprofitable or else inspection must 
degenerate into a travesty. 
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Fig. 4 —- Comparison of Weld Diameter as Meas- 
ured on Black Ring on Radiograph and as Meas- 
ured on Nugget Shown in Etched Cross Section 


Army-Navy specification ANW-30 requires 
frequent use of radiography, and the standards of 
quality required are not too stringent. Voids 
that is, cracks or porosity) do not constitute a 
rejectable defect if they are not greater than half 
the diameter of the slug, with the restriction that 
they must not approach the edge of the cast struc- 
tures closer than 15% of the weld diameter. Also, 
lor at least 50% of the welds, the maximum 
dimension of permissible voids shall be 5% of the 
weld diameter. How the weld diameter is to be 
determined from the radiograph is not stated, 
though it would seem safe to interpret it as mean- 
ing the diameter of the outer dark ring on the 
radiographic negative. 


Grading of Defects 


The specification ANW-30 establishes two 
grades of spot weld defects acceptable or unaccept- 
able, whereas reference No. 8 attempts to set up 11 
srades ranging from complete absence of the 
defect to its worst possible condition. That publi- 
cation reports the outcome of much effort — 
something like 10,000 production spot welds were 
tadiosraphed and shear tested, or subjected to 
macrovraphie cross section. The eleven defects 
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Fig. 5 — Plots of Static Shear Tests and Radiographic 
Measurements of Nuggets in a Series of Spot Welds 


occurring in spot welds were graded, and the sys- 
tem of grading used is illustrated by a series of 
enlarged radiographs for each. The defects listed 
were: 

1. Undersize nugget. 2. Oversize nugget. 3. 
Doughnuts; toroids. 4. Irregular shaped nuggets. 
5. Cracking. 6. Porosity. 7. Spit or expulsion. 8. 
Electrode deposition of the sheet surface. 9. Extent 
of alclad inclusion in nugget at faying plane. 10. 
Extension of the weld nugget. 11. Segregation of 
eutectic in parent metal. 

The last three are not susceptible to radio- 
graphic inspection, since their indications on the 
X-ray negative are not easily interpreted and both 
No. 10 and. No. 11 are not particularly important. 
While No. 9 may be serious, if of sufficient extent, 
Fig. 2 depicts a small amount of alclad inclusion 
in a macrographic cross section. As can be seen 
in Fig. 3, this has the effect of increasing the 
corona area at the expense of the effective size of 
the nugget. 

It might be advisable to have more than the 
two grades, satisfactory and unsatisfactory, estab- 
lished by ANW-30; however, the nine steps 
between the worst and best are cumbersome. 
is MeMaster’s idea, as stated in reference No. 8, 
that the grades 0 to HO for each radiographically 
detected defect should be adopted universally as a 
measure of quality and each grade should have a 
single interpretation throughout the country. This 
reviewer is enthusiastic over any idea which will 
standardize interpretation of radiographs; how- 
ever, it seems that McMaster’s ideas as to grading 
defects should merely serve as a basis from which 
a working committee might evolve something that 


is more practical for use. 


For literature references see p. 566 
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SPRINGS are tricky doggone things! Anyone 
* who has had anything to do with them 
appreciates the many pitfalls besetting the trail to 
a satisfactory product. With all the mechanical 
and metallurgical limitations one has to contend 
with, it’s a wonder any of them work! But just 
like relativity is ABC to EINSTEIN — so are springs 
“duck soup” for F. P. ZiMMeERLI. Around these 
diggings you don’t worry about the pesky things — 
you just dump the problem in “Zim’s” lap. Do you 
have a new material you'd like to evaluate as to its 
spring properties? Do you have a job where it 
seems no spring or spring material seems to fit? 
Zim loves these kinds of questions. 

FRANZ PERRINE ZIMMERLI Was born in Lyons, 
N. Y., on April 27, 1894, and attendéd grade and 
high school there as he was growing up. He 
obtained his Bachelor of Science and Master of 
Science degrees in Chemical Engineering from the 
University of Michigan in 1917 and 1918, respec- 
tively, and was the first person to earn the degree 
of Metallurgical Engineer from this institution, 
when, on presentation of a thesis based on his 
fundamental research on springs, this degree was 
granted in 1934. 

After receiving his Master’s degree in 1918, 
ZIMMERLI continued on as an instructor at the 
University for two years, and had the good fortune 
of working under Dr. Eowarp DEMILLE CAMPBELL, 
the blinded teacher and investigator whose mem- 
ory the American Society for Metals delights to 
honor. 

His first job in industry was with the Solvay 
Process Co. in Detroit, where he further expanded 
his experience in metallurgical and chemical engi- 
neering. (It seems the way to get a good start 
as a metallurgist is to go first to the University 
of Michigan and then work a year or two at 
Solvay; that is what Hup McCarroit of Ford 
Motor did — and so did Zim!) In 1922 ZimMERLI 
Worked in the metallurgical department of Dodge 
Brothers Co., but after a year left to join the Rick- 
enbacker Motor Co. where he spent four years. In 
1926 he joined the Barnes-Gibson-Raymond Divi- 
sion of the Associated Spring Corp., which is his 
present connection. 

ile was married to JosEPHINE HoLpNer of 
Detroit on Oct. 15, 1921. They have no children. 

‘’MMERLI has been active in many profes- 


sional societies, and is now a member of the Amer- 
ican Society for Metals, American Society of 
Mechanical Engineers, American Society for Test- 
ing Materials, the Society of Automotive Engineers, 
American Chemical Society, and the Engineering 
Society of Detroit. Besides various committee 
assignments, he served as chairman of the Detroit 
Chapter of the A.S.M. in 1928. He is a member of 
the honorary societies of Sigma Xi and Phi 
Lambda Upsilon. 

He has had numerous papers published in 
society journals, such as those of the American 
Society for Metals, American Society for Testing 
Materials, American Society of Mechanical Engi- 
neers, Society of Automotive Engineers, in the 
University of Michigan Engineering Research Bul- 
letins, as well as in the technical press. The sub- 
jects dealt mainly with springs, being the results 
of studies on effects of temperature, effects of 
fatigue, shot-blasting, and on spring materials. 

Last year the American Society for Metals 
presented Franz P. ZiMMERLI with its highest form 
of recognition for technical achievement — the 
Albert Sauveur Achievement Award. The scroll 
and plaque which were bestowed upon him at 
Chicago, during the 1947 Metal Congress, reflected 
the plaudits of his fellow engineers for his out- 
standing work on shot-peening. 

His basic research on this subject, which 
demonstrated that favorable stresses could thus 
be imparted into the surface layers of metal parts, 
has led to the widespread use and development 
of these fundamentals by industry, and has con- 
stituted a new approach to the problem of design 
and fabrication of metal parts that must with- 
stand high pulsating loads for a lifetime of service. 

Upon being privately congratulated on his 
award, Zim modestly replied that he didn’t see 
what the fuss was all about he had just been 
doing his job. Conversely, however, he wished 
somebody would recognize what he really was 
good at Actually, he is: one of the 
best marksmen in the state, and loves every form 
of it, whether it be hunting for live game, draw- 
ing a bead on a target, or dusting clay pigeons at 
trap or skeet. Fishing is about the only other 
hobby but aiming that gun still comes first! 
One cannot help wondering if somehow his fasci- 
nation for this sport could not have brought on the 
idea of shot-peening; Zim, however, says no, 

FRANZ PERRINE ZIMMERLI is respected and 
admired not only because he is one of the foremost 


shooting. 


authorities on springs and related problems, but 
also because he is a regular fellow in all the good 
meanings of that colloquial term, always ready to 
lend a helping hand--and have a lot of fun 
while doing it. E. V. IvVANSo 
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A general article was prepared for the 1948 edition of ‘Metals Handbook” as an intro- 
duction to the section containing the 284 phase diagrams that are being published. — It 
was necessary to omit it from the book because of space limitations; it will be published 
in Metal Progress in slightly condensed form and shorn of a long list of references. 





Determination of Phase Fields 





THE DETERMINATION of phase diagrams is 
ee simply the determination of the phases 
which are in equilibrium at definite values of com- 
position, temperature, and pressure. Since most 
diagrams for alloy systems are determined for a 
constant pressure of one atmosphere, the problem 
usually resolves itself into determining the compo- 
sition, temperature, and some property indicating 
the phases which are in equilibrium. “Phases”, in 
the sense used in this article, are the different parts 
of the alloy; each is homogeneous under conditions 
of equilibrium and is separated from the other 
parts by bounding surfaces. A single phase may 
be continuous (sometimes called “the matrix’’) or 
may be divided into innumerable isolated particles 
(often called “metallographic constituents”). 
Determination of phase fields (the concentration 
limits at various temperatures) is therefore the 
principal problem, and several useful ways of 
doing this will now be outlined. In a subsequent 
article various auxiliary problems will be dis- 
cussed, such as the selection of compositions most 
worthy of study, the experimental and analytical 
techniques, and the final job of mapping the 
equilibrium diagram. 

Several methods should be used for determin- 
ing phase fields, because each has advantages and 
disadvantages. A diagram mapped by using one 
method (or even two) may be in error in some 
portions. Some such diagrams encountered in the 
literature have too many phase fields and others 
have too few. 

Thermal Analysis-- Many of the early dia- 
grams were determined almost entirely by thermal 
analysis — that is, the evolution or absorption of 
heat which accompanies a phase change was eval- 


uated by discontinuities or changes in the slope of 
time-temperature curves during heating or cooling 
Although its relative importance has decreased 
with time, thermal analysis is still very useful. 

Satisfactory cooling ‘or heating curves requir 
a number of precautions: (a) The rate of heating 
or cooling should be relatively low; a rate of 2° to 
4° C. per min. is usually satisfactory although for 
very accurate work and for low-melting alloys still 
lower rates are frequently used. (For alloys 
which are very susceptible to segregation, higher 
rates are desirable.) Slow heating or cooling 
permits a closer approach to equilibrium, reduces 
the temperature gradients in the specimen and 
decreases the amount of undercooling. (b) A 
small specimen should be used in order to mini- 
mize temperature gradients; with a small speci- 
men and a low heating or cooling rate a given 
transformation occurs almost simultaneously 
throughout the specimen. (c) Heating and cool- 
ing should preferably be controlled to give a con- 
stant rate of heat transfer. 

If the sample is put into a furnace with 4 
constant power input, or if cooled simply by 
turning off the current, the time-temperature 
curves will be of a form that obscures small 
changes in slope (caused by absorption or evolu- 
tion of heat). If, on the other hand, the rate of 
heat transfer is constant, a straight line will 





By William L. Fink 
Cl ief, Physical Metallurgy Division 
Aluminum Research Laboratories 


New Kensington. Pa 
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pe obtained in the absence of transformations; 
in slope can then be detected readily. It 
also permits more accurate correction for under- 
cooling. Where rates of reaction are very rapid, 
the heat of reaction can be estimated. 

, constant rate of heat transfer is obtained 
by using a furnace of low heat capacity and main- 
taining a constant difference between the tempera- 
ture of the sample and the furnace chamber. This 
differential is maintained best by a differential 
couple connected to a rapid controller. One bead 
f the couple should be near the furnace heating 
elements and the other in thermal contact with 


changt 


the specimen. 

Heating and cooling curves can be _ taken 
manually by setting the potentiometer in definite 
millivoltage increments and measuring with a stop 
watch the time required for the sample to traverse 


solidus obtained from this curve may be greatly 
in error because the first crystals which form 
never attain equilibrium with the liquid, There- 
fore, solidus should be determined by heating 
curves on homogeneous solid specimens. Other 
transformations at temperatures between those of 
the solidus and the liquidus (for example, 
peritectic reactions) should be located from both 
heating and cooling curves; the temperature dif- 
ferences so obtained will be a measure of the 
inaccuracies. 

In some systems, the difference between the 
melting point of the pure metal and the tempera- 
ture of the eutectic or peritectic which results 
from the addition of a second metal is so small 
that it cannot be measured with the desired accu- 
racy by plotting a curve for the pure metal and 
another for the alloy. Satisfactory thermal analy- 
sis can be achieved by using a differen- 
tial couple with a bead of the couple in 








Temperature 











each specimen (pure metal and alloy). 
The size, shape, and surface condition of 
the two specimens, their disposition in 
in fact, all factors govern- 


the furnace c 
should 


ing the rate of heat transfer 
be the same so that, in the absence of a 
transformation, the two samples will 
remain at the same temperature. 
Thermal analysis has a number of 





advantages. It is so quick and so easy 





Composition Time 


Fig. 1 


Schematic Time-Temperature Curves for 


that it is very suitable for a preliminary 
survey of an alloy system. It accurately 
obtains the temperature of invariant 


Solidification of Pure Metal, Separation of Solid So- 


: ‘ - e -e= : It is also useful in conjunc- 
lution From Melt, and Separation of Solid Solution ’ 


equilibria. 


and Residual Eutectic, Respectively. Also, at left, is 
the phase diagram which fits the data so revealed 


that step. However, it is much more convenient 
'o record the curves autographically with a rapid, 
self-balancing potentiometer-recorder of the elec- 
tronic type, equipped with adjustments that make 
it possible to change both millivolt range covered 
and also millivolt value at the left-hand end of the 
scale. In this way it is very easy to obtain the 
desired magnification for any given portion of the 
furve. Accuracy of the millivolt settings should 
be checked against a standard potentiometer. 

Figure 1 shows schematic time-temperature 
curves so obtained. All significant features can be 
observed readily; inverse rate cooling curves are 
nol needed, nor are other plotting methods nec- 
“sary which have been proposed from time to 
time to reveal obscure points. 

In Jetermining liquidus temperatures, it is 
best to start with a homogeneous liquid and record 


4 coolin. curve. However, the temperature of the 


tion with the microscopic method, 
because specimens can be quenched 
from above or below any desired thermal 
arrest, and the temperature of forma- 
tion of any of the constituents determined. 

The principal disadvantages of thermal analy- 
sis are failure to attain equilibrium, and the tend- 
ency toward undercooling. Undercooling is 
usually of no consequence in determining invari- 
ant equilibria, for the temperature subsequently 
rises to the correct value. However, the tempera- 
ture of the liquidus (especially that of one with a 
steep slope) may be much too low, and the correc- 
tion for undercooling may not be sufficiently accu- 
rate. Better methods will be discussed later. 

Microscopic Methods 
important tool, can be used in three ways. 


The microscope, a very 
First, 
a binary system can be surveyed by preparing a 
duplex sample of the two metals, heating it hot 
enough to allow diffusion to occur, quenching, and 
then identifying under the microscope the phases 
which are present in a longitudinal specimen. If 
the diffusion time has been long enough. all of 
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the phases which exist in that system at that tem- 
perature can ordinarily be identified. 

The second and most useful procedure is to 
hold a large number of identical specimens at a 
definite temperature for prolonged periods, and to 
quench one of them from time to time. When 
no further change can be detected in the micro- 
structure, it is assumed that equilibrium has been 
reached. The phases present are then identified 
optically after suitable polishing and etching. 

The third way to use the microscope is to 
polish and examine thermal analysis specimens 
which have been heated or cooled to various tem- 
peratures and then quenched. In this way it is 
possible to determine at what temperatures the 
various phases form. 

Aside from the precautions necessary to 
maintain a constant temperature and to attain 
equilibrium, the requirements are those for any 
microscopic work — namely, a good polish with 
as little flow as possible on the surface, etching 
solutions that will differentiate the constituents 
without pitting the samples, and a good micro- 
scope with suitable filters (preferably with binocu- 
lar eyepieces). It is desirable to photograph 
typical structures. 

The principal advantage of the microscopic 
method is that it reveals more detail than any 
other; particles can be seen; 
often the absence or presence of 
sheaths indicates whether reac- 
tions have gone to completion or 
not; the shape and size of con- 
stituents can be determined; oxi- 
dation along grain boundaries or 
other reactions with the atmos- 
phere can be detected; and 
(when suitable etches are used) 
it is often possible to determine 
whether the heating has elimi- 
nated coring. Moreover, by 
examining sufficient area minute 
quantities of a phase may be 
detected, missed by other meth- 
ods. Microscopic examination 
can be used also to select homo- 
geneous phases for chemical or 
spectrographic analysis. 

There are, however, certain disadvantages. 
The microscopic method for locating phase bound- 
aries depends on examining samples very near the 
boundary — precisely the region in which it is 
most difficult to obtain equilibrium. Long after 
the alloys within a phase field are in equilibrium, 
those near the boundary may be far from it. 
Another disadvantage is that the work must be 
done at room temperature on quenched specimens, 





and this assumes that no change has 6: curred 
during quenching or afterward. However, this 
assumption is usually correct —or else th 
changes are submicroscopic. Moreover, the sam. 
ples may sometimes be polished before they are 
heated and then etched while hot. 

A final disadvantage is that the Microscope 
takes a great deal of time. Many specimens mys| 
be carefully polished. Examination of each js 
tedious because a relatively large area must be 
scrutinized before the investigator can decide 
whether or not a given phase is present. 


X-Ray Methods 


A number of X-ray methods are useful in 
determining phase diagrams. All of them togethe 
are so powerful that some investigators have used 
them exclusively. Three of them will be discussed 
very briefly— powder method, back-reflection 
method for lattice parameters, and radiography 

Perhaps the most useful is the powder method, 
in which the characteristic radiation of copper, 
molybdenum, or other targets is diffracted from 
the sample. The sample consists of powder, 200- 
mesh or finer, or fine-grained metal, and is usual) 
placed on the axis of a cylindrical film. Th 
beams diffracted from the various crystallography 
planes form a characteristic pat- 
tern for each phase on the film 
A phase can be identified as posi- 
tively from the spacings and 
intensities of these diffraction 
lines as a person can be identi- 
fied by his fingerprints. The 
powder method is therefore ideal 
for identifying phases. 

In order to avoid much of 
the confusion which has occurred 
as a result of differences in etch- 
ing behavior, any paper present: 
ing the results of equilibrium 
studies should include the pat- 
terns of the various phases 
encountered. In published liters 
ture, a single phase has offen 
been considered as two or more 
phases because small amounts 
of other elements in solid solution, or a change 
the ratio of elements in the phase, or even the 
presence of various amounts of other phases 
the alloy had changed the etching characteristics 

Powder patterns have other advantages: Vel 
small samples are used; the percentage of each 
phase can be determined with considerale acc!’ 
racy; they are indispensable for reveal ng 4% 
studying superstructures. 
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fhe principal limitation of the powder 
method for the identification of phases is its lack 
of sensitivity. For aluminum alloys, 1% or more 
of the phase must be present to produce a few of 
the strongest lines; for alloys of heavy metals a 
still larger per cent is required. Amounts up to 
10% may be necessary if the crystals are poorly 
formed, the exposure short, or the relative scat- 
tering power low. When a powdered sample is 
to be heat treated, the specimen from which the 
powder is made should be homogenized and 
quenched shortly before powdering. If this is not 
done, individual particles may vary considerably 
in composition and thus not attain equilibrium 
conditions representative of the sample as a whole. 
Moreover, the high surface-to-volume ratio of 
powder makes oxidation a problem; it may be 
necessary to prepare and anneal the powder in an 
inert atmosphere or a vacuum. 
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Fig. 2 Lattice Parameter Versus Composition Curves 


Parameter measurements (that is, determina- 
tion of the spacings of planes of atoms within the 
crystals) can be used to determine the concentra- 
tion of solid solutions (see Fig. 2). With suitable 
experimental precautions and analyzing the data 
by least squares, the parameter can be determined 
with considerable accuracy by the powder method. 
However, so-called back reflection is most accu- 
tate.* The use of glass plates instead of film to 
record the diffraction circle improves the accuracy 
by eliminating dimensional changes which are 
encountered in films. 

The use of lattice parameters to determine 
solid solubility — that is, the composition of the 
phases at different temperatures — has a number 
of advantages. After the effect of concentration 
on lattice parameter has been established, ‘the 


*Scnsitivity is proportional to the tangent of the 
diffraction angle. In the back-reflection method, the 
parame r is calculated from the angle of a diffracted 
“am “hich has a diffraction angle as close to 90° 
* €xpcomentally possible. 


entire solubility curve can be determined with one 
small sample. The accuracy is usually high if the 
experimental technique is good and if the slope 
of the curve representing composition versus lat- 
tice is reasonably high. Failure to obtain equi- 
librium is often indicated by relatively broad 
diffraction lines. 

The principal disadvantage of parameter 
measurements is the fact that stresses within the 
material also affect the lattice parameter. A speci- 
men of convenient dimensions for microscopic 
examination if quenched in cold water will have 
sufficiently high stresses to affect the parameter 
measurements, and experimental evaluation of the 
effect of the quenching stresses consumes time. 
Some alloys may be mildly quenched (for example, 
oil or boiling water), which minimizes the quench- 
ing stresses so that they do not interfere. More- 
over, if all the specimens are of the same size and 
are handled in the same way, the absolute param- 
eter measurements may all be in error, but the 
relation is such that the proper solid solubility 
is determined. 

Another excellent and widely-used procedure 
for minimizing quenching stresses is to heat treat 
and quench the alloy in powder form. 

Radiographs are useful when thin specimens 
are exposed on film or plate which has such a 
fine-grained emulsion that the radiograph can be 
viewed at 100 magnifications or more. Informa- 
tion obtained in this way overlaps to a large extent 
that obtained microscopically. However, micro- 
radiography does not require polished specimens 
or depend on etches to secure contrast. Such 
features of the structure as coring are positively 
identified and easily interpreted. The method is 
also very useful for studying segregation, which 
can be seen from a radiograph at a glance, 
whereas its detection microscopically would often 
require much time. 

Usually X-ray patterns are prepared from 
samples that have been brought to equilibrium and 
quenched. However, in many alloys the phases 
cannot be retained by quenching. It is then advan- 
tageous to make patterns of the hot sample, pro- 
vided grain growth is not excessive, and there is 
not too great a broadening of the diffraction lines. 
Accurate maintenance and measurement of the 
temperature of the specimen requires a good 
design of X-ray camera; a number of such have 
been described in the literature. 

Electrical resistivity is a simple, convenient, 
and accurate method of following phase changes. 
Although it can be measured on quenched speci- 
mens, it is preferable to work at the equilibrium 
temperature, thus avoiding changes during 
quenching and storage at room temperature. 
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temperature against composition. 1] 


the resistances or resistivities of a givey 
sample should be plotted against tempers. 
ture. Examples of these two types of plot- 
ting are shown in Fig. 3 and 4. 

The advantages are that electrics 
resistivity can be measured at elevated 
temperatures rapidly and precisely, and 
that attainment of equilibrium can _ be 
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Fig. 3-- Curves of Electrical Resistivity Versus Composition 


Resistivity can be determined with a bridge 
circuit or a potentiometer to measure potential dif- 
ference across a given length of the specimen 
through which a known current is flowing. The 
latter method is most convenient for a large num- 
ber of specimens all in the same furnace; 
the specimens are all connected in series 
with a standard resistance. Two wires 


recognized easily. The principal disadvan. 
tage is that, in ternary and more complex 
systems, it may require X-ray or micro- 
scopic methods to identify all the breaks 
which occur in the resistivity curves. 

Volume Changes — Theoretically, the specifi 
volume (or density) should be an excellent prop- 
erty to use in the construction of equilibrium 


diagrams. However, considerable experiment! 


Fig. 4 — Electrical Resistivity Versus Temperature Curves 





from each specimen and from the standard 
resistance are taken to a selector switch 
so that the potentiometer can be connected 
rapidly to any pair. The current, supplied 
by a storage battery of large capacity, is 
controlled by a rheostat. When a constant 
current is passed through the specimen, 
the resistance of any specimen can_ be 
determined readily, because the ratio of its 
resistance to that of the standard is the 
same as the ratio of the voltage-drops 


Temperature 





across them. 














In a systematic study of this sort a 
series of specimens in the form of thin 
sheet or wire, preferably cold worked, are 
placed in the furnace in a suitable insulating 
holder, the temperature brought to a steady state, 
the electrical resistances measured periodically 
until equilibrium is reached, then the temperature 
is increased, and the process is repeated. 

To convert resistance to resistivity it is nec- 
essary to determine the cross section of the speci- 
men as well as the distance between contacts. It 
is usually more accurate to calculate the cross 
section from the weight, length, and density than 
to measure width and thickness directly. Cast 
specimens may be so irregular that it is better to 
use the temperature coefficient of resistivity, 
which is independent of the dimensions, instead 
of the resistivity. 

The data may be plotted in two different 
ways: In determining nearly vertical phase bound- 
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difficulty is involved with alloys which contain 
both liquid and solid phases; in consequence, only 
limited use has been made of this property, exce}" 
for certain low-melting alloys and for alloys in the 
solid state. 

A closely related method — the determination 
of length changes—can be carried out readil} 
over a wide range of temperature as long as th 
sample remains completely solid. In fact, tran» 
formations in the solid state are so studied 
extensively, with various types of dilatometers. \ 
good example is work by Mehl and Wells on th 
constitution of iron-carbon alloys of high pur!) 

It is outside the scope of this article ! 
describe the various types of useful dilat meters 
For studying transformations accompa ed by 
large length changes, instruments may be sed in 


aries (for instance, the solvus) it is pref. 
erable to plot resistivities obtained 3| each 


establish the temperature of eutectic melt. 
ing or some other invariant transformation. 
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which the length change is magnified by mechan- 
ical fevers. 

Where more sensitive or more accurate 
methods are necessary in order to study smaller 
volume changes, dilatometers with optical levers 
are more satisfactory. For precise work, the 
interferometer is probably most satisfactory. 


Electrochemical Method 


Many years ago Tammann suggested the use 
of single potentials in an electrolyte of alloys at 
equilibrium. Such reversible potentials would 
appear to be ideal for the purpose, but experi- 
mental difficulties have generally intervened, 
except for amalgams where the mercury alloys 
reach equilibrium at room temperature.  Seltz 
and DeHaven have overcome some of the experi- 
mental difficulties at elevated temperatures. 
Methods of this type seem to warrant more atten- 
tion; they would give much information concern- 
ing the thermodynamic properties of the phases in 
addition to equilibrium data. 

Another electrochemical method now has a 
more general application. This involves using as 
an irreversible electrode a specimen that has been 
brought to equilibrium at an elevated temperature 
and quenched. By the proper selection of electro- 
lyte and a knowledge of the polarization occurring 
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in such electrolytes, it is possible to determine 
certain features of equilibrium diagrams. An 
example of the use of this method is shown below 
in Fig. 5, 

Miscellaneous Properties — All the methods so 
far mentioned depend on the measurement of 
various properties of the alloys. There are still 
other properties which can be used but which are 
less useful either because they are not related 
so directly to the phases present, or because they 
have a very limited field of application. Such 
properties are tensile strength, hardness, magnetic 
properties, high temperature fracture, vapor pres- 
sure, and thermal electromotive force. Even 
macroetching or anodizing may be useful in show- 
ing the presence of a second phase. However, 
none of them seem to be of sufficient importance 
to justify further description here. 

Chemical Analysis of Phases — In all the above 
methods, chemical analysis has been used only to 
determine the composition of the alloy as a whole; 
identification of the phases in equilibrium has 
been made by measuring various properties of the 
alloy. Another procedure (often possible and 
sometimes more accurate) is to bring about equi- 
librium at a definite temperature and = obtain 
samples of one of the phases for chemical analysis. 
This gives directly a point on a phase boundary 
and it is particularly useful in determining certain 
liquidus curves in the vicinity of the 
eutectic or peritectic temperature. 

The molten sample is held at a definite 
temperature until all of the solid phase 
which is in equilibrium with the liquid at 
that temperature has tormed and_ sepa- 
rated. A sample of the liquid is then with- 
drawn and analyzed. This method has 
been used with excellent results by the 
present writer and his associates. 

It is also possible to form. single 
homogeneous phases that occur in the vari- 
ous equilibrium diagrams, check on their 
homogeneity by microscopic examination, 
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and then analyze the sample chemically. 
This method has also been used by Dix to 
determine the composition of the eutectic 
in various aluminum alloy systems. 
Another example of this general pro- 
cedure is the separation of a given phase 
of an alloy by dissolving the other phases 
Before 
analysis, the residue should be cleaned and 


chemically or electrochemically. 








Composition 


Percentage C 


examined microscopically; often a sample 
of desired purity can be obtained only by 


hig. 5 - Curves Showing Potentials lV ersus Compo- selecting under al microscope the clean, 
(tions at Three Different Temperatures and Their 


elation to Phase Boundaries in a Ternary System 


unattacked particles. Numerous examples 
are found in the literature. e 
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Correspondence 





Coalescing Anneals 


Forest HILts, Pa. 
To the Readers of MetTAt. ProGress: 

M. Portevin’s letter in November Metal Prog- 
ress on “Coalescing Anneals” recalls difficulties 
encountered in 1916 to 1920 in attempting to 
spheroidize bar stock, for improved machinability, 
by means of subcritical anneals. In small sizes, 
where the structure was substantially sorbitic 
after hot working, an anneal below Ac, was 
usually effective, but in larger sizes (where con- 
siderable lamellar pearlite existed) results were 
not so good. 

At that time, an anneal below Ac, was con- 
sidered the only method of spheroidizing, even 
though several of the mere handful of heat treat- 
ing texts then available carried descriptions in 
some detail of the work of Fabry, published in the 
1912 Proceedings of the International Society for 
Testing Materials. He investigated the effect of 
temperature on the properties of steels varying 
in carbon content from 0.58 to 1.36%. Whereas 
his micros were indistinct and his descriptions 
doubtless suffered in translation, he did indicate 
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Relation of Annealing Temperature, Carbon in Plain Steels, 
and Resulting Microstructure (After Honda and Saito) 
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clearly that annealing just above Ac, resulted in 
a structure in which the pearlite was no longer 
lamellar but “grainy”. His work also showed 
that with the higher carbon steels, the grainy form 
of pearlite resulted even after annealing at a 
temperature considerably above Ac,. 
Subsequently, in 1920, Honda and Saito pub- 
lished in the Journal of the Iron and Steel 
Institute (V. 102, p. 261) the results of their 
investigation “On the Formation of Spheroidal 
Cementite” in steels containing 0.31 to 1.95% car- 
bon. Starting with the perfectly lamellar state, 
they found that temperatures immediately above 
Ac, invariably gave complete spheroidization, and 
temperatures somewhat higher gave mixtures of 
spheroidal and lamellar pearlite, whereas con- 
pletely lamellar pearlite resulted once more when 
the Ac, point was exceeded by too great a margin. 
Their findings are shown graphically in the 
accompanying figure, which was used as a lan- 
tern slide by F. P. Gilligan during his presidential 
tour of the chapters of the American Society for 
Steel Treating in the winter of 1922, giving an 
illustrated talk on “What Happens to Steel When 
You Heat It”. As we recall it, his slides showed 
perfectly spheroidized structures in 0.20, 0.90 and 
1.35% carbon steels when heated for a very short 
period just above Ac,, and cooled at relatively 
rapid rates—as high as 300 or 400°F. per hr. 
through Ar,. His micros corroborated the results 


‘of Honda and Saito for these carbon contents and 


for the temperature ranges they investigated, and 
in addition indicated that rate of cooling was rela- 
tively insignificant when the annealing tempera- 
ture was not greatly in excess of Ac. 
Metallurgists then generally scoffed at the 
feasibility of spheroidizing at temperatures above 
Ac,, but in 1922, at the Detroit convention of the 
Society, A. W. F. Green announced publicly his 
conversion to this “screw-ball” practice, and said 
that his company had revised the annealing prac 
tice to conform and was saving considerable 
expense as a result. Then a little later, perhaps 
as late as 1924, the annealing practice of « large 
company making ball bearings was change from 
their previous 60-hr. subcritical anneal to a 24-hr. 
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just over Ac,, with greatly improved 
resulls. This change, as we recall it, was made 
by a very stubborn vice-president in charge of 
production, who had no respect whatsoever for 
the sacred cows of his metallurgical department. 

In 1943, in “The Annealing of Steel”, Peter 
Payson showed why Fabry, Honda and Saito, and 
Gilligan were right, and wrote seven rules appli- 
cable to the rapid and successful annealing of 
carbon and alloy steels. 

M. Portevin’s latest contribution adds to our 
knowledge of the theory of the mechanism of 
spheroidization, though we believe he places undue 
stress on the need for very slow cooling after low 


anne 


temperature austenitization. : 
J. J. CURRAN 


Transmission of Cracks From Plate 


to Underlying Metal 


MELBOURNE, AUSTRALIA 
Tu the Readers of METAL PROGREss: 

Following the article “Magnetic Particle Inspec- 
tion of Chromium Plated Tools” in the March issue 
of Metal Progress, which mentions some of the 
characteristics of chromium plating, it may be of 
interest to record the cause of fatigue failure of an 
exhaust valve stem which had been built up, after 
wear, by chromium deposition. 

The valve, of austenitic stainless steel, failed 
halfway along the stem after a short period of 
service, probably less than 500 hr. Close to the 
lracture, which showed typical fatigue markings, 
a fine crack was observed to run parallel to the 
tracture face and to follow the “crazing”, which is 
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Nominating Committee 


N ACCORDANCE with the Constitution of 
the American Society for Metals, President 
FRANCIS B. Foury nominating 
committee for the nomination of president (for 


has selected a 


one year), vice-president (for one year) and 
two trustees (for two years each). This com 
mittee was selected by President Fotey from 


the list of candidates submitted by the chapters 
The personnel is: 

James B. Austin, U.S. Steel Corp. Research 
Laboratory (New York Chapter) ; chairman. 

GeRALD M. Cover, Case Institute of Tech- 
nology (Cleveland Chapter). 

kK. A. McCoy, Sheffield Steel Corp. 
City Chapter 

W. W. Farrar, Farrar Industrial Products 


Kansas 


Co. (Los Angeles Chapter). 

F. C. Smirn, Tube Turns, Ine. (Louisville 
Chapter 

K. L. Ferrers, Youngstown Sheet & Tube 
Co. (Mahoning Valley Chapter 


M. A. ScHeit, A. Milwau- 
kee Chapter 
Wintuiam E. Ruper, 
Schenectady Chapter 
Rupotpw A. Jonson, 
Steel Co. ( Worcester Chapter 


QO, Smith Corp. 
General Electric Co. 


Wickwire Spencer 


HIS COMMITTEE will meet during the 
third full week in the month of May. The 
members will weleome suggestions for candi- 


dates, in accordance with the @ Constitution, 
Article IX, Section 1 (b), which provides that 
endorsements of a local executive committee shall 
be confined to members of its local chapter, but 
individuals of a chapter may suggest to the 
nominating committee any candidates they 
would like to have in office. Endorsements may 
be sent in writing to the chairman or any mem- 
ber of the committee 











a normal feature of hard chromium plating. The 
photomicrograph, which is of a longitudinal section 
cut through this crack, shows that the pre-existing 
stress cracks in the plating are linked with fatigue 
cracks forming in the base metal. 

Even though engineers are getting more and 
more wary of surface treatments — as far as their 
disproportionate effect on the strength of the pre- 
pared part is is doubtless worth 
while to emphasize a caution respecting hard chro- 
mium plating. Its effect on fatigue life is referred 
to in “Prevention of Fatigue in Metals” by the staff 
of the Battelle Memorial Institute as follows: 

“Weigand and Schienost report that a chro- 


concerned it 
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mium plating of the type which is prone to contain 
cracks, and in the deposition of which hydrogen 
may be absorbed, may reduce the endurance limit 
5 to 30%.” Also: “The National Bureau of Stand- 
ards found that chromium coatings reduce the 
endurance limit of S.A.E. 6130 steel by amounts 
varying from 3 to 41%, depending upon the hard- 
ness of the steel, the thickness of the coating, and 
the method of testing.” 

From the observation of the fatigue failure 
described, it seems clear that this lowering of 
fatigue strength of hard chromium plated steel is 
due to the stress-concentrating effect of the cracks 
which are invariably associated with the chromium. 
It must be concluded, therefore, that hard chro- 
mium is an unsatisfactory coating for components 
operating under conditions of fluctuating stresses. 

F. D. Rowe and J. B. DANCE 


Division of Aeronautics 
Council for Scientific and Industrial Research 


Systematic Expression for 
Stress-Strain- Temperature Relationships 


New York City 
To the Editor of Mevav ProGress: 

It is a wholly admirable state when a body 
of empirical data acquires coherence and can be 
systematized into valid associations. Then it may 
be said that a science is born. This is what is 
taking place in metallurgy now. However, in the 
early stages of such systematization it is doubly 
important that the basis of thought be funda- 
mentally right. | 

Particularly [ would question the formula 

‘5, Kew/kT 
which is supposed to connect the stress 5, corre- 
sponding to the strain € to the absolute tempera- 
ture T at which the testing is done. In this 
formula K is one empirical constant, q the second, 
and R is the basic physical constant of the gaseous 




















state. However, as Hollomon and Jaffe point ou 
on p. 104 of their “Ferrous Metallurgical Design”. 
q is an unconstant constant-——“‘a constani that 
depends on the value of 5, at a given temperature”, 
to quote those authors. 

A number of graphs obtained from experi- 
mental data and representing the log of 6, as y 
function of 1/T between 100 and 1000° absolute 
appear to substantiate the formula 
However, the graphs so plotted cover only a tiny 
range of the values of 1 T in fact from 0.001 t 
about 0.01. It is a moot question whether they 
would retain their straight-linear shape at lowe: 
temperatures, for if we put zero for temperature, 
the corresponding stress becomes equal Ka® and 
that is much too much. We might suppose of 
course that the “constant” q of the original for- 
mula also drops to zero (if we assume it to repre- 
sent the heat content per degree), but the result, 
d.,.) = Ka°’e does not make much sense either. 

I am fully convinced that the approach used 
to reach the formula quoted at the outset, in which 
one uses the imaginary stresses and strains, must 
lead into a blind alley. The logical approach is 
rather, in my opinion, from the concept of energ\ 
Thus: If a given sample would stand at absolut 
zero an elastically applied energy E plus a plas- 
tically applied energy P (in ordinary tension 
before reaching the measured strain €, the corre- 
sponding energies E,,,, and P,,,, will amount t 

E. 7) = E— ATat™ 

and P,,., = P + BTb*™ 
in which expressions the A and B equal dE dT and 
dP dT for T = 0, while a? and b* are mere factors 

I select these two functions to represent th 
situation because (a) they are logical; (b) they 
are the simplest that would not contradict the 
facts at the extreme points of the range and (¢ 
no more complex formula is necessary. 

The sketch below shows my concept of the 
two partial energies involved in a deformation in 


ment ioned 


an ordinary tension test near the absolute zero, 3! 
room temperature and at some temperature ™ 
where elasticity is practically absent 
and the metal acts as a plastic (ultr 
malleable) substance. 
MicHaev B. Corso 
Consulting Metallurgist 
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In « well-received talk before A.S.M. chapters the truly enormous diversity 


and tonnage of cast iron products were emphasized. 


Recent advances in 


foundry control enable the production of strong, ductile metal of notable wear 
resistance and other properties of great importance to engineering construction. 





Modern Engineering Cast Iron 





CAST IRON is a modern engineering material. 

While that proposition is accepted by many 
engineers, cast iron still labors under an inher- 
ited stigma. For example, a speaker at an @ 
meeting some years ago whose subject was “Weld- 
ing” emphasized the high quality of his weld metal 
by comparing its microstructure with cast iron. 
It showed up quite well, for in his cast iron slide, 
made from an unetched specimen at 100 magnifi- 
cations, not only had all the graphite been gouged 
out by an unskilled metallographer, but much of 
the ferrous matrix in the graphite areas had also 
been removed. The inference was that cast iron 
was a material made up mainly of voids sur- 
rounded by a bit of ferrous material! 

Since a wide variety of engineering materials 
and many manufacturing processes contribute 
toward industrial progress, I am here to present 
the case for cast iron. 

Cast iron is a modern engineering material, 
but not all of it. 
aspect. Steel is made or processed by the primary 


Contrast it with steel in one 


producers of plates, shapes and so on (the “steel 
industry” so-called), the forging industry, the 
Welders, the steel foundry industry. Cast iron, on 
the other hand, has so far been produced com- 
mercially in a single industry —the iron found- 
ties. The diversity of origin of steel products 
and the single origin of cast iron has this aspect: 
lt is sometimes difficult to make a clear-cut dif- 
ferentiation between the influences of a manufac- 
luriny process on an engineering material and the 
inherent properties of the material itself. There 
ire close to 3000 cast iron foundries in_ this 
coun'ry and it would be wishful thinking to be- 





lieve that the composite skill, information and 
facilities of every last one of these producers 
result in the optimum combination of production 
techniques and in turn in outstanding engi- 
neering properties in the material produced. 

You probably do not have a good conception 
of the size of the cast iron industry, and I would 
like to devote a few moments to this subject. 
For example, in 1945 
parallel figures are available 
industry produced about 50 million “ingot” tons. 
This melting department tonnage would translate 


a recent year in which 
the wrought steel 


into about 57 million steel mill “product tons” 
shipped to fabricators and would translate further 
into about 34 million industry 
useful tools, machinery and structures reaching 


‘end use” tons of 


the ultimate consumer. 

A Bureau of Census Survey on the Cast Iron 
Industry for 1945 established its potential “prod- 
uct tons” capacity at 19.5 million*tons. This 
would translate into about 29 million “hot metal” 
tons and, as there is less than 10% discount 
between foundry “product tons” and industrial 
“end use” tons, the hot metal figures would trans- 


late into about 17 million “end use” tons just 


about half the total tonnage of wrought steel prod- 


ucts put into consumers’ hands. 
By any standard of comparison, therefore, 





By | Yonald J. Reese 
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the iron foundry industry is in the first rank. 
The hot metal tons of cast iron exceed the total 
of all other engineering metals, except steel. 


A Ternary Alloy 


Basically, cast iron is a ternary alloy of iron, 
carbon and silicon. The minor elements manga- 
nese, sulphur and phosphorus are always present 
and have their individual influences on the 
mechanical properties rather than on the micro- 
structure. 

Of these the most important is manganese, 
whose chemistry range in most cast irons is 0.4 
to 1.39% with a mean of 0.65%, but there are spe- 
cial cast irons containing up to 10% manganese. 
The chemistry range of sulphur is of the order 
of 0.03 to 0.20%, with a mean of 0.10%. The range 
of phosphorus is 0.05 to 0.75%; most of the engi- 
neering cast irons contain less than 0.2%. 

Other than to increase fluidity for thin and 

intricate castings, excess phosphorus is generally 
‘frowned upon. Current research by Prof. Richard 
Schneidewind of the University of Michigan, under 
the sponsorship of the Hanna Furnace Co., 
includes the development of an arsenic etchant 
which disturbs the long accepted theory that phos- 
phorus (except for a probable 0.03% soluble in 
ferrite) segregated to the grain boundaries as iron 
phosphide or steadite. His work shows phosphide- 
rich areas within the grain. 

Although cast iron is melted commercially in 
a wide variety of furnaces, the most important 
is the cupola; although both acid and _ basic 
refractories have been used, most melting practice 
is acid. The cupola is fired with solid fuel; metal 
and fuel are in intimate contact throughout the 
whole melting process — that is, the cast iron melt- 
ing process is a carburizing process in which the 
fuel plays an unusually important part in the 
chemistry of the product. There are many things 
that we might consider about the cupola furnace 
which have a bearing on the engineering proper- 
ties of cast iron that I will not be able to cover 
because of time limitations, but I think it signifi- 
cant to note that this is the only continuous melt- 
ing furnace used for iron or steel. It is also a high 
producer. For instance, the nominal melting rate 
of a cupola lined to 72 in. inside diameter could be 
figured at 41,400 lb. of metal per hr., or 690 lb. per 
min., or 11.5 lb. per sec. Whether the furnace is 
operated for 4000, 40,000 or .400,000 consecutive 
seconds, there is 11.5 lb. of usable metal made 
available each second. 

The conventional iron-carbon equilibrium 
diagram separates those ferrous materials named 
“steels” from those named “cast irons” at 1.7% 
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-arbon,* but usually the total carbon content of 
commercial iron castings is in the range of 2.5 to 
3.8% with an approximate mean at 3.25%. 

The silicon chemistry of cast iron is usually 
in the range of 0.5 to 3.0% with an approximate 
mean of 2.0%, but there is one type of cast iron 
containing about 6% silicon and another type of 
corrosion resistant castings containing 11 to 13% 
silicon. 

The complexity of the ternary iron-carbon- 
silicon system and the identification of the 
expected structures are made easier by assigning 
a carbon equivalency to silicon, in which about 
0.3 point of silicon equals one point of car- 
bon. The formula is E=C+0.3 Si. Thus, a cast 
iron piston ring of 0.1-in. section, having a 3.7% 
carbon and a 2.85% silicon chemistry, would 
approximate the structure of a binary iron-carbon 
alloy of 4.55% carbon. Likewise, a 5-in. section 
with 2.5% carbon and 2.40% silicon would have 
the approximate microstructure of a binary iron- 
carbon alloy of 3.25% carbon. 

Cast iron is the only ferrous material whose 
chemistry is designed proportionate to mass.? 
Thus the 4.65% carbon equivalent of a_ piston 
ring iron for 0.1-in. sections would not be suitable 
for 5-in. sections; nor would the 3.3% carbon 
equivalent for a 5-in. section be suitable for a 
0.1-in. section. This is the basic reason why you 
will find some foundries specializing in the pro- 
duction of light-sectioned component parts, others 
in very massive parts, and still others somewhere 
between these two extremes. Commercial sections 
of cast iron parts range between 0.1 and 50 in. 
with the greatest tonnage being in the % to 2-in. 
range of section sizes. 

Cast iron has been defined as “steel inter- 
spersed with graphite” and, though I am not sure 
this definition will withstand an increasing 
amount of knowledge about the material itself, it 
can serve. Most of the metallurgical terms used 
to describe the microstructure of steel have close 
parallels in the cast iron family. (See, for example, 
Fig. 1 and 2.) Thus there are ferritic, pearlitic, 
acicular, martensitic and austenitic types of cast 
iron. Until about 1915 little was known of the 
structural composition of the cast iron then being 
made, or made in former generations, but looking 
backward we can say with plausibility that they 
were ferritic or partially pearlitic types. (Actually, 





*The diagram prepared for the 1948 edition of 
“A.S.M. Metals Handbook” shows the demarcation 
2.0% carbon, the limit of solid solution of carbon 1" 
gamma iron. 

+This matter has recently been clearly pres«uted 
in Laplanche’s structural diagram for cast iron -se¢ 
Metal Progress data sheet for December 1947 (p. {')2-B). 
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| ca) speak with some positiveness for a friend around 3.5% ; adaptation to section size and serv- 
ence gave me a 244-in. cast iron cannon ball made ice needs was by controlling silicon within the 
during the Revolutionary War, and I had the ball range of 0.5 to 3.0%. At one time the chemistry 
cut in half to examine it for internal density and of 5 to 10-in. sections was 3.5% total carbon plus 
also had a section removed for metallographic 0.75% silicon; now it is most likely to be as low 
examination. ) as 2.5% total carbon in combination with as much 
Basically, the engineering properties of cast as 2.5% silicon. 
iron revolve around carbon. In a cast iron con- The iron-carbon diagram shows a_ eutectic 
taining 3.25% carbon, for example, all or practi- at 4.35% carbon. Silicon lowers this eutectic car- 
cally all of this carbon may be present as combined bon content by 0.39% for every 1% Si. Most com- 
carbon (cementite), or nearly all of it may be mercial cast irons are hypo-eutectic, containing 
present as graphitic carbon, or there may be vary- less than 4.3% C—0.3% Si. The length of the 
ing proportions of combined and graphitic carbon graphite flake is greatest in the hypereutectic irons 


Some Steel-Like Structures in Alloy Cast Iron (R. A. Flinn and H. J. Chapin) 


\ 
= ARE 
Fig. 1— Acicular Structure in Low-Carbon Cast Fig. 2 — Martensitic White Iron (Austenite, Martensite, 
Iron in 1.2-In. Arbitration Bar, Tempered 15 Hr. at Carbide) in 1-In. Y Block. Etched in 3% nital; 500 X. 
550° F. 500X. View shows acicular ferrite, martens- Brinell 652. Vickers microhardness of austenite- 
ite, retained austenite, and graphite. Brinell 402 martensite is 595 to 390, of carbide is 1320 to 1130 


Chemical Compositions 
within these two extremes. Like- 2 : and becomes progressively 
ELEMENT Fic. 1 Fig. 2 a "ree 
shorter as the chemistry is 





wise, there are two forms of Pancrase 
graphitic carbon, nodular and Total C 2.34 3.41 adjusted to lower the carbon 
flake, and the latter, particularly, Combined C | 0.65 3.36 equivalent. However, there is a 
varies greatly in size or extent. Graphite 1.69 0.05 strong tendency in the hypo- 
Under a microscope at 100 mag- “4 “pe ne eutectic irons for flake graphite 
nifications, flake graphite may a 298 4.02 to precipitate in an undesirable 
appear to be 4 in. or more long Cr 0.25 2.02 dendritic pattern,* but this tend- 
-actually about J; in., and eas- Mo 0.97 — ency is readily controlled by a 
ily seen by the unaided eye. ladle “needling” or “inoculation” 
A.S.T.M. specification A247 rec- treatment. This refers to a ladle 
ommends eight graphite flake classifications, flake addition of silicon (or carbon) in some form — 
size No. 1 being over 4 in. long at 100 X, flake for example, as ferrosilicon which increases the 
size No. 2 has its longest flakes 2 to 4 in., and so number of seeding points for graphite crystailiza- 
on to flake size No. 8, under vj; in. (see Metal tion and which also probably promotes the decom- 
Progress data sheet for July 1947, p. 96-B). position of excess cementite in a very short time. 

Controlling the amount of total carbon in cast This action has a close parallel in sugar refining, 
iron is relatively new. Until this metallurgical where “seeding” at the proper time during evapo- 
control became effective, the total carbon ranged - ‘*See Metal Progress data sheet, April 1947, p. 616-B. 
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Cut From Cast Shown in Fig. 4 


Total Elongation 0.83 Y —-~ 


Fig. 3 — Stress-Strain Curves of 0.505-In. 
= >| Tensile Test Pieces Cast From Same Ladle of 
Tensile Iron Into (a) A.S.T.M. 1.2-In. Arbitration 







or Total Elongation 042 Y%—-~ bp e Bar Containing Minor Shrinkage and (b) 
PS Tensile Strength Shrink-Free Bar Machined From Casting 
= 30 | ot vated rst =? | Shown in Fig. 4. Analysis of this melt: 
iS) Cut From /2-In. Arbitration Bar 3.66% total carbon, 0.94% Mn, 0.10% P, 
pes 0.06% S, 1.82% Si, 1.52% Ni, 1.06% Mo 
% 
g 20 
aa the traditional use of the so-called arbi- 
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4 Plastic Elongation 0.51 %—+=— Elastic —— 





Elongation 032 % | 


tration bar for appraising the strength 
of cast iron. This is a round bar whose 
dimensions are related to the controlling 
section of the casting; often it is cast 
in its own mold and sometimes tested, 
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ration of the sugar-water solution precipitates a 
mass of crystals of desired size. 

Just as a chain is no stronger than its weakest 
link, cast iron is no better than its poorest region. 
Ladle inoculation promotes uniformity throughout 
the material —- more than ever necessary because 
it is possible to have two cast irons of practically 
the same chemistry yet with appreciable differ- 
ences in engineering properties, in machina- 
bility, and in service performance. If two 
cast irons of similar chemistry are made with 
and without ladle inoculation, the inoculated 
irons would have superior engineering prop- 
erties, would machine more readily, and 
would often render superior service. 


08 ag : “a mn 
without machining, as a beam. The 


uncertainty, of course, results from an 

attempt to convert bending stresses in 
the extreme fiber at fracture in a round beam with 
as-cast surface with the average direct stress ina 
machined tensile test piece. 

Especially is the modulus of elasticity or 
factor of stiffness the one engineering property 
of cast iron that gives the design engineer gray 
It is variously recorded in the _ technical 
10,000,000 to 


hair. 
literature all the way from about 








Engineering Properties of Cast Iron 
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One of the engineering properties of cast 
iron on which data is readily obtainable is the 
tensile strength. About 1915 the tensile 
strength of ordinary castings was of the order 
of 20,000 to 25,000 psi. During World War | 
the application of improved knowledge on the 
material upped this value to around 35,000 psi. 
The period between World Wars I and II was one 
of constantly increasing knowledge, which was 
reflected in the production of cast irons up to about 
70,000 psi. Currently we know how to produce 
cast irons stronger than 100,000 psi.; a continua- 
tion of the trend leads to the hopeful prediction 
of the day of cast irons of 200,000-psi. tensile 
strength. 

I focus your attention on tensile strength, 
hoping that this property of cast iron will serve 
as an index of improvements in this material in 
recent years. Considerable uncertainty about the 
tensile properties of cast iron may be blamed on 








Fig. 4 — Casting Recommended by Flinn and Chapin for Ob- 
taining Single Tensile Test Piece, Machined so Gage Length 
Is Located in the Sound Metal Directly Under the Head 


25,000,000! When all of the carbon is in the 
combined form (or, if any graphite is present, all 
of it is in the nodular form) the modulus of elas- 
ticity is constant, on the order of 25,000,000 psi., 
but when flake graphite is present, the modulus 
is a variable and varies inversely with the amount 
of flake graphite. 

A perennial subject of discussion among 
foundrymen is the relation between the properties 
of the test piece and of the casting it is supposed 
to represent. Paramount is the necessity of cast- 
ing a sound test piece. The effect of a small 
amount of shrinkage on the true engineering }/'0P- 
erties — especially the ductility or elongation im 
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sonsile lest —is well demonstrated by R. A. Flinn 

and H. J. Chapin in their 1946 American Foundry- 

men’s Assoc. paper entitled “White and Gray Irons 
Ductility and Elasticity”. 

Typical of their findings is Fig. 3, showing 
wn iron of 34,500 psi. tensile strength and 0.42% 
elongation on a tensile specimen machined from 
in arbitration bar, but having 45,000 psi. tensile 
strength with 0.839 elongation (100% greater) 
when the specimen was machined from shrink- 
free material cut from the test casting of Fig. 4. 

These men determined by accurate testing 
with electric resistance strain gages that although 
cast iron is commonly considered a brittle mate- 
ria! it does have measurable ductility. The total 
elongation of ferritic-pearlitic cast irons (with 
lake graphite) approaches 1.5%, and in the 
wustenitic cast irons (also with flake graphite) it 
may exceed 3.0%. 

This may not compare well, at first glance, 
with the 20° of a low carbon wrought steel bar, 
but is itenough? In the War Metallurgy Commit- 
tee’s summation, “An Engineering Approach to the 
Selection, Evaluation and Specification of Metallic 
Materials” by H. W. Gillett, appears a photograph 
of a Ford V-8 graphitic steel cast crankshaft with 
notation, “Specimens cut from the heavy sections 
show zero elongation in the tensile test, 1.0 ft-lb. 
Charpy notch-bar impact resistance, yet millions 
are in satisfactory service.” 

In the text under “Ductility Determinations”, 
Gillett says further: “Many specifications demand 
high values for elongation and reduction of area, 
though normal service could not endure 1% of 
plastic deformation and, even when normal serv- 
ice demands a slight local ability for plastic 
uljjustment to distribute load in an imperfectly 
matched structure, this local adjustment will 


” 


probably not exceed 1%. 


1 would like to emphasize the importance of 
this modest ductility property of cast iron by 
relating two personal experiences. Some few years 
ago an enthusiastic exponent of cast iron per- 
suaded the engineers of an axle manufacturing 
company that an experimental substitution of gray 
cast iron should be made for malleable iron in axle 
housings of a certain tractor that was to be design- 
tested. After 10 or 12 cast iron housings were 
made in the foundry, the engineers got cold feet 
but under persuasive pressure some preliminary 
testing was agreed to. The rough housings were 
first mounted on knife edges and a 35-ton load 
applied at the center. Malleable iron housings 
showed 12 in. permanent set and the cast iron 

When a 100-ton static load was 
applied to the transmission housing the cast iron 


housings none. 


was expected to break into many pieces as a brittle 
material should, but not even cracks developed. 
The cast iron housings were finally machined and 
installed and the tractors tested; upon disassem- 
bly the cast iron housings were just as they were 
when installed. 

Personal experience No, 2: A few years ago I 
Was appraising the service conditions of cam- 
shaped rolls used to finish seamless steel pipe from 
pierced billets by the Pilger process. The rolls in 
service were forged steel. Each time the rolls took 
a fresh bite of the pierced billet the building shook, 
yet cast iron rolls were installed at a later date 
and achieved distinction in tons of product pro- 
duced, in decreased maintenance time out on the 
mills, and in surface finish on the product 


Cast Iron Crankshafts 


Probably the most intriguing engineering 
application of cast iron in recent years has been 
in the crankshaft field, particularly for diesel 





Fig. 5 — Large Cast Iron Crankshaft After Machining. Courtesy Farrel-Birmingham Co. 
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engine construction. It came about by pure acci- 
dent: A little more than 10 years ago, one of the 
engine builders, Fairbanks-Morse, was unable to 
correct repeated crankshaft failures in one design 
of engine. In desperation it was decided to try 
out cast irons; even if it failed, they would be no 
worse off than they were. When cast iron actually 
resolved the problem, this company gradually 
turned to cast iron in others, and since then has 
built many thousands of engines with cast iron 
cranks. The largest cast iron crankshafts made to 
date weigh around 5 tons, are 23 ft. long and 
about 12 in. in diameter. One of the postwar 
engine developments contemplates using a cast 
iron crankshaft weighing 15 tons after machining, 
and more than 30 ft. in length. 

This commercial utilization depends not so 
much on the merits of one engineering material 
versus another, but. upon economics. One of the 
maxims of the foundry is to put metal where it 
is needed and no metal where it is not needed. A 
forged steel crankshaft for one engine weighed 
18,000 Ib. before machining and 14,000 on assem- 
bly into the engine, thus losing 22°% in finishing. 
A cast iron crankshaft going into a similar size 
engine weighed 10,000 Ib. rough and 9200 on 


assembly a machining loss of only 8%. It also 
weighed less as a component part 9200 versus 


14,000 Ib. 
Wear Resistant Irons 


Austenitic manganese steel has long been 
recognized as a superior material for abrasive 
battering wear, but there are many applications 
where the wear is not accompanied by much 
impact. In these applications 
there is too little work hardening 
to decompose the soft austenitic 
microstructure into hard mar- 
tensile, so the martensitic white 
ast irons are superior. Although 
utilization of the martensitic 
white irons is relatively new, the 
current production tonnage is 
quite significant and is increas- 
ing rapidly. 

Austenitic irons should not 
be dismissed out of hand, how- 
ever. Very successful use has 
been made in engineering appli- 
cations — notably cylinder lin- 
ers for large gas engines, cast in 
“Ni-Resist”’. 

Many metallurgists and 
engineers feel that cast iron 
should not be used in tension, so 


I have selected one illustration of the use aus- 
tenitic cast iron that should prove interesting. On 
of the pipe manufacturers produces austenilic cast 
iron bolts and nuts for flanged pipe joints in 
corrosive soils, thus reducing troubles when pip 
sections have to be replaced. This method of 
manufacture produces a material with 80,000 ps 
tensile strength and 5% elongation in 2 in. 

At the beginning I directed your attention | 
the difference between a manufacturing process 
and the engineering material processed. Althoug! 
the gray iron foundry industry is one of the oldest 
industries of modern civilization it has not ye 
made its real contribution to industrial progress 
In a sense it has been an art industry existing in 
a scientific age and is only now reducing its trial- 
and-error methods to engineering principles. Its 
nature is that of a subcontractor producing com- 
ponent parts for one or more prime contractors 
Its basic problems are concerned with production 
and the proper scheduling of the various compo- 
nent parts to be produced. The sum total of pieces 
produced each year — if known — would run int 
billions. For example, a relatively small piston 
ring foundry produces 25 million rings annuall) 

During the war years the foundry industry 
was tagged a place where hot, heavy, dirty, low- 
paid jobs were to be had. Actually, this was hit- 
ting considerably below the belt, but it may have 
served a useful purpose as the industry has been 
on a modernization spree since V-J day. Much 
scientific investigation is now under way on cast 


iron, many times more than has ever been done in 
the past, and it can be safely predicted that som 
of this increased knowledge will make significant 
contributions to industrial progress. 6 





Fig. 6 — Liners for Ore Grinding Mills in Yard of Capivol 
Foundry Co. in Phoenix, Ariz. Liners are made 
*Ni-Hard”™ iron, containing 1.5% carbon and 3.5% ni 
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INCREASE LOAD CAPACITY 
RAISE IMPACT STRENGTH 


ADD WEAR-RESISTANCE 


These gears demonstrate basic advantages secured 


by using Nickel alloy steels... 

Steels that not only provide increased resistance 
to shock and high tooth pressure . . . but, in addi- 
tion, are readily machinable and respond to heat 
treatment with minimum distortion. 


Pinions, gears and shafts of the Nickel-molyb- 
denum steels used in this transmission provide ex- 
ceptionally hard carburized surfaces over strong, 
tough cores. 

Types 4620 and 4820 steels are supplemented 
by the use of 4320 Nickel-chromium-molybdenum 
steel for some parts. 


High load carrying capacity, and the consis- 
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tently long, dependable performance of Nickel 
alloy steels in heavy-duty service, make their 
economy self-evident. Improve your products or 
equipment by specifying vital parts in Nickel 


alloy steels. 
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Over the years, International Nickel has accumulared a fund 
of useful information on the selection, fabrication, treatment 
and performance of engineering alloy steels, stainless steels, 
cast irons, copper-base and other alloys containing Nickel 
This information is yours for the asking. Write for List A 

of available publications 
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One of the best received of the papers before the last regional meet- 
ing of the New England Chapters, ©, was this down-to-earth 


/ 


account of how to improve your heat treatments of high speed — 
both the older types and the newer ones containing molybdenum. 





The Practical Heat Treatment 


of High Speed Steel Cutting Tools 





IN THE LAST TEN YEARS a great many facts 

regarding the behavior of high speed steel 
have been revealed by scientific investigation and 
research. Through the work of such men as 
Cohen, Gill, Payson, Roberts, Schlegel and Ken- 
nedy, to mention but a few of the many outstand- 
ing investigators, definite guiding principles and 
charts are now available which serve as a basis for 
designing heat treatments to produce any combi- 
nation of properties within the physical limita- 
tions of high speed toolsteel — the material that 
is now to be considered. 

For the purpose of this discussion, we list the 
six phases of heat treatment which can and should 
be controlled by the heat treater in order to obtain 
desired results consistently: 

. 1. Austenitizing conditions — temperature and 
time at heat. 

2. Rate of heating and cooling. 

3. Temperature to which work is quenched 

before tempering. 

4. Tempering. 

». Controlled use of isothermal transformation. 

6. Surface condition. 

_ It may be accepted, we believe, without ques- 
tion that the primary objective in hardening high 
Speed steel tools is to develop the best possible 
combination of (a) hardness and wear resistance 
at room temperature, (b) resistance to softening at 
elevated temperature — that is, “hot hardness” — 
and (c’ toughness, or resistance to shock without 
“pprecisble plastic deformation. (Obviously, a 


cutting tool which would deform in service would 
be as useless as one which broke too easily.) 

We will now try to analyze each of the con- 
trollable phases of the hardening process in some 
detail to see what effects variations in practice 
(either deliberate or accidental) may have on these 
three desired characteristics of the finished tool. 


Austenitizing Conditions 


It is well understood that, in general, high 
temperatures and long times will promote solution 
of carbides in the austenite, and enlarge the aus- 
tenitic grains with consequent brittleness, and (on 
the other hand) that low temperatures and short 
times will produce fine grain and toughness, with 
low carbide solution and consequent low second- 
ary hardness and low hot hardness. 

Up to a certain temperature, holding time has 
little effect on grain size. There is, however, for 
each grade of high speed steel a transition tem- 
perature above which grain size increases rapidly 
with any amount of holding time, as is shown in 
Fig. 1. Toolsteel manufacturers recommend 
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austenitizing temperatures or temperature ranges 
for each grade they make. These recommended 
temperatures are intended to be safe, without 
causing excessive brittleness even with a little 
soaking time, and yet yield a reasonable amount 
of carbide solution and hot hardness. For general- 
purpose hardening, then, these recommended tem- 
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Austenitizing Time at Temperature 


Fig. | — Austenitic Grain Size Is Relatively Unaffected 
by Time at Heat Until Definite Temperature Is Ex- 
ceeded — About 2375° F. for This Typical 18-4-1 Steel* 


peratures are the ones which should be 
used, provided they are properly defined 
and properly interpreted. 

Right here we encounter the difficul- 
ties of temperature measurement and 
interpretation. Unfortunately, different 
types of heating equipment and tempera- 
ture measuring equipment will give 
slightly different results. Assuming that 
we know exactly the temperature for 
desired results, in practice we cannot 
measure the exact temperature of each 
piece but only the temperature of the 
medium in which it is being heated, and 
this only to within a range of several 
degrees. It is important, therefore, for 
the heat treater to ascertain what heating 
conditions are the basis for any given 
recommendation and make proper tem- 
perature correction for the type of equip- 
ment he is going to use. 

The only general rule we know is that salt 
baths should be operated from 25 to 50° lower than 
furnaces with a reducing-gas atmosphere, and 
furnaces with nearly neutral atmospheres should 
be operated about midway between these two 


*Plotted from data for 9% CO atmosphere in 
Table XIX in W. A. Schlegel’s “Surface Carbon Chem- 
istry and Grain Size of 18-4-1 High Speed Steel”, 
Transactions @, V. 29, 1941, p. 595. 
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extremes, in order to develop the same degree of 
carbide solution. 

It is occasionally desirable to heat either 
higher or lower than normal in order to mee; 
special requirements. Heavy-duty lathe and planer 
tools are one example of tools which may be deli. 
erately overheated to get greater carbide solution 
and greater hardness — although with a consid. 
erable reduction in toughness. Lower than norma! 
temperatures are recommended for delicate tools 
which are most apt to fail by breakage and which 
do not require the maximum of wear resistance. 
In our opinion a low quenching temperature is the 
most effective means of producing maximum 
toughness without lowering the hardness below 
normal cutting levels. We find that test pieces 
quenched from 75 to 100° below the normal tem- 
perature (as defined above) and then tempered 
so as to maintain a hardness of, say, Rockwell 
C-62 to 63 will be measurably tougher than those 
quenched from the normal temperature and over- 
drawn to the same hardness. This is shown in 
Fig. 2, from the @ book on “Tool Steels” by J. P 
Gill and his associates (p. 470). 

Let us digress here for a moment to present 
some of our own views on toughness and tougb- 
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2250 ~Oil Quench 
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Fig. 2 — Toughness (in These Data Measured by Impact) Is 
Improved by Quenching From Subnormal Temperatures, Nor- 
mal Being About 2350° F. for This 0.70% C High Speed Steel 


ness testing: None of the more-or-less standard- 
ized methods are satisfactory for evaluating 
toughness in parts hardened to cutting hardness 
which will break in a brittle manner. We belie’? 
that the most sensible way of measuring toughness 
in such parts is to see how much of a blow they 
will stand before breaking. Therefore, for ur a 
testing work we have constructed a nachine 
(Fig. 3) similar to the pendulum impact © ichines 
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facturer as an inspection test on production orders 
of high speed steel blades. 

The shock resistance obtained with this 
machine on a group of specimens quenched from 
temperatures between 2250 and 2350° F. is shown 
in Fig. 4. In this experiment the tempering treat- 
ments were varied so as to produce a uniform 
hardness of Rockwell C-61 to 63, regardless of 
quenching temperature. It is evident that when 
this hardness is produced by quenching from a 
low heat and tempering at a low temperature, the 
shock resistance is greater than when the same 
hardness is acquired through quenching from a 
high temperature followed by a necessarily higher 
tempering temperature. It must be borne in mind 
that the improvement in toughness resulting from 
lower-than-normal quench is accompanied by a 
loss in wear resistance and hot hardness. 


Rate of Heating and Cooling 


Having established the correct austenitizing 
conditions to use for a given job we may next 
consider the most suitable methods of heating to 
that temperature and cooling from it. To a cer- 
tain extent, of course, this may depend on the 
equipment available and on the type of work being 
hardened, but it seems probable that most tool 
rooms today are equipped with facilities for pre- 
heating and for hot quenching in a liquid bath at 
1000 to 1200° F., as well as for oil quenching. 

There seems to be little data available on the 
possible effect of preheating on final structure or 
properties. We believe that, in the commercial 
but designed to determine the maximum blow that hardening of miscellaneous high speed steel tools, 
a specimen will withstand before breaking. Essen- preheating either in one or two stages is desirable, 
tially it consists of a pendulum with variable first, because it reduces thermal shock which 
attached weights, a vise for holding the specimen might cause distortion or cracking; second, 
and a quadrant scale graduated in centimeters of because it helps equalize the time at which both 
height. thin and thick sections reach the hardening tem- 

In operation, the pendulum is drawn back to perature; and, in the third place, because it 
successively greater heights and allowed to fall , 
against the specimen until it breaks. The shock 
resistance is then taken as the product of the 
height of the final blow and the weight and is 
expressed in centimeter-grams (cm-g.). The speci- 
mens tested in our own experiments published in 
this paper were all of the same size: 0.150 in. % 23,000 
diameter by 2 in. long. It seems as though this I 
Procedure is more representative of service condi- 
tions and probably somewhat more sensitive than 
the standard impact test procedures. The authors 
claim no originality for this idea — it is exactly 
the same principle as in the knife-edge toughness 
9 used by Carpenter Steel Co. and described in aie 

at company’s S Tr ; ’ 2 No. 25. : 
simila pitied popstar ea Geka ae ide _— ~s a0 oe _— 
y : as ‘ ustemtizing Temperature, F 


Fig. 3 — Impact Machine for Measuring Tough- 
ness of Unnotched Bars of Hardened Toolsteel. 
Height of fall (and weight of pendulum head) is in- 


creased, blow after blow, until test piece breaks 


Fig. 4 — High Speed Steel of C-61 to 63 Hardness 
Is Tougher as the Austenitizing (Quenching) Tem- 
perature Is Lower. Note, though, that this is at 
the expense of wear resistance and hot hardness 
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reduces the over-all time in the high-heat furnace, 
thus reducing the opportunity for surface changes 
and speeding the whole hardening cycle. 

Some operators prefer two preheating baths 
or furnaces, one at about 1200°F. and the other at 
about 1500 to 1600° F., while others feel that one 
of large capacity operating at about 1550°F. is 


is that, if the preheat temperature is too high 
(over about 1500°F.) for some grades of high 
speed steel, it alone may cause a slight increase 
in grain size in the final condition. 

The behavior of high speed steel during cooj. 
ing from the high-heat temperature is now pretty 
well understood* and is charted for us jp 

the time-temperature -transformation 
curve (the “T.T.T.” diagram) shown 






























































































































































































































































need A a in Fi 
| Fig. 5. F this we le: 
Formation of Proeutectoid Carbide Se 
\ | essential facts: 
K lo 
| \ N \ | 096 10% 50% 70% 100% 1. If small tools of high speed 
/400 TN | 1 — ” J ; steel are quenched from the high heat 
' _ * * . 
\ | \ | ~ =a = into oil at room temperature (the 
\ | | \ | | \ | . SS —s approximate cooling curve A being as 
(2007 NI Ni] pauenah mii plotted in Fig. 5), all high-tempers 
| nN IY | , ¢-Quench in | tS ture reactions are bypassed and the 
\I li yi] |} mrt. | | | HH ||| transformation from austenite to 
LUT Tt HH | tensit ds while cooling 
1000 \——--— | _—_ + Lit Stable Austenite _| | martensite proceeds while cooling 
NX \4 Quenching \ | | in This Region below about 450° F.—exactly the 
% in oy OW | || i | | | Ly tT] | same as in an ordinary alloy toolstee! 
| WTI | | LTT TT during an oil quench. Of course, the 
" -——— -+—- - = ——* ya. ; +4 athe || mente i ’ : . . . ° . 
x 600 NS | Y | Mut ivi | | | rit comparatively rapid cooling in oil will 
rad | bil nl meee cause nonuniform rates of transfor. 
S pap coo’ \ || TTL tT cM mation throughout the mass and 
@ 900 tFrom the + = Te tee 2 residual stresses will be set up which 
S Molten Quench \ *. | \ Bi P > | one, ||| | may or may not prove detrimental, 
jo \ | | \ Ke Ne | Rp ri depending on the shape and size of 
400 T a | Nee a... the tool. 
S ee \ | 1] 2. If parts are cooled in still air 
S , T a | 
3 VANE | || 50 %| all the way from the austenilizing 
x rT | TTT] T . . +2 , 
| | || | temperature to room temperature 
~ oo8) a mew He Bat — a Se | ! os — . 
200}. 8 ot 4, 70% (line B in Fig. 5) fairly high hardness 
& 1} |] \ Nani | | | 5-60% may be expected in the as-cooled 
& || \ rTNTHY oT] | e5% piece, since high-temperature trans- 
0] — FT mo + £90 % formation of austenite to softer prod- 
= ucts is very slow to start and virtualls 
t |_| | || 92%} all of the austenite will transform 
-200 {No further Transformation Below “150% __| below 700° F., forming either bainite 
0O/ Q/ 10 /0 30 or martensite, both of which have high 


Time, Hr 


Fig. 5 — Transformation-Time-Temperature Curves for 18-4-1, 
Austenitized at 2350° F. (Cohen and Gordon, “Heat Treatment of 
Lines repre- 
senting cooling curves for the various quenches added by the editor 


High Speed Steel’’, The lron Age, March 28, 1946). 


adequate. Our own practice is to use two preheat- 
ing salt baths which together have about four 
times the capacity of the high-heat bath. Both 
preheaters are operated at 1550 for most work 
and, since we find that it takes about four times as 
long to bring a load of work up to 1550 as it does 
to raise it from there on to the quenching tem- 
perature, we are able to maintain a steady flow of 
production without interruption between high-heat 
cycles. One precaution which should be mentioned 


Rockwell hardness. However, air cool- 
ing of anything but very small, thin 
sections, which will cool rapidly, will 
permit some precipiiation of carbides 
at temperatures above about 1300'T. 
This depletion of carbide from the 
solid solution results in lower second- 
ary hardness after the high draws, lower weal 
resistance, and lower hot hardness. Therefore, |! 
is not desirable, in practice, to air cool anything 
but fairly thin sections. 

3. Quenching from the high temperature inte 
a molten bath between 1000 and 1200° F. has se“ 





eral advantages: First, as shown by line 6 ™ 
*It was expounded in the Sauveur Memo: ial Lee 
ture before the Boston Chapter @ by Morris Cobe? 


(see Metal Progress for May and June, 1947). 
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Fig. 5, it cools the work through the high-tempera- 
ture zones fast enough to prevent carbide precipi- 
tation; then, it equalizes the temperature 
throughout each portion in a temperature range 
where transformation to martensite does not 
occur and, if salt baths are used, it removes or 
dilutes the salt from the high-temperature bath 
which might be difficult to remove if allowed to 
solidify on the work. 

4. Cooling in air from the hot quench to 
room temperature (curve D in Fig. 5) allows the 
austenite to transform slowly and uniformly 
throughout the mass while the piece is cooling 
below about 450° F. In air cooling large massive 
parts, curve D may be shifted far to the right and 
there may be some transformation to bainite at 
temperatures between 700 and 400°F., but this 
will be a small percentage and is not considered 
detrimental. 

5. Finally, the T.T.T. curve shows that, after 
cooling to room temperature by any method, some 
15% of the original austenite remains untrans- 
formed. This knowledge is of value in under- 
standing the reactions during further cooling to 
subatmospheric temperatures (and also during 
conventional tempering operations). 

For these various reasons the now commonly 
accepted practice of quenching into a hot bath and 
then air cooling to room temperature is considered 
sound and desirable from both a practical and 
theoretical standpoint. If salt baths are used for 
the quenching medium, some precautions will 
have to be taken to prevent its melting point from 
rising as it is contaminated with high-heat salt 
carried over by the hot work. The bath should 
be held under 1200°F. at all times—1100 to 
1150° F. being a practical working range. If lead 
baths are used to quench work out of an atmos- 
phere furnace, maintenance of fluidity is no prob- 
lem, and a working temperature of 1000 to 1100° F. 
is the general practice. 


Relative Advantages of Cooling 
to Room and to Subzero Temperatures 


The next of our factors which should be con- 
rolled is the temperature to which work is cooled 
before tempering. While by far the majority of 
high speed steel cutting tools are quenched to 
room temperature before tempering, there may be 
occasions where it is felt desirable either to inter- 
rupt the quench at some elevated temperature and 
temper immediately, or to continue cooling to 
lar below zero. The first of these methods is util- 
zed fo: those comparatively rare jobs where con- 
tinuous cooling to room temperature may cause 
Weneh cracks. It should be understood, however, 


that much larger percentages of austenite will 
be retained and go into the tempering operation 
(as shown in Fig. 6) and that a special tempering 
treatment must be applied. Briefly, Cohen, Gor- 
don and Rose, in their paper “Effect of the 
Quenching Bath Temperature on the Tempering 
of High Speed Steel” in Transactions @, V. 33, 
1944, p. 411, have established that no less than 
three tempering cycles are necessary to complete 
the transformation of this abnormal quantity of 
retained austenite. 
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Fig. 6 — The Amount of Retained Austenite in 6-6-2 
High Speed Steel Increases Rapidly With Increasing 
Temperature of Quench, and Single Tempering for 
2.5 Hr. at 1050° F. Does Not Enable It to Transform. 
Analysis: 0.80 C, 5.9 W, 4.1 Cr, 15 V, 4.8 Mo 


As is well known, subzero treatments have 
been subjected to much controversy for several 
years. In the light of present knowledge, it is 
difficult to explain the many conflicting reports 
which have been circulated concerning tool per- 
formance after this treatment. 

About the only facts which seem to be clearly 
established are that if normally austenitized high 
speed steel of conventional composition is 
quenched continuously to —100°F. or lower, the 
transformation of austenite to martensite will con- 
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22,000 a a T Table I— Hardness Changes on Quenched and Tempered 
\ l W-Mo and 18-4-1 High Speed After Freezing 3 Hr. at —-129° 
\ FP, 
= } } | 
S 21,000 \ C-63 10647 TYPE OF | HEAT TREATMENT*® | ROCKWELL Harpness? 
g No Quench to Room / a eee ee ee ee 
S 20000 | = Temperature___| SpeeD | HARDENED | TEMPERING As | AFTER 
es , \ | | / STEEL FroM TE? TEMPERED | Freezing 
S | ERE ™ an on 
8 iain \ | | fe W-Mo | se 50° F C-66 | C66 
a oa 4 Ue ° lwo 
x a a | Vs 1.59 | iis & 1150 61 61 
x 18000 | eo — 3 W 5.43 | 1050° F | 67 | C-66 
= | Quenched to RO Mo 4.48) | : 1050&1050 | 66 | (66 
< 2200° F. o Sf de 
17000 | _| = | 1150 62.5 | 625 
18-4-] a 1100 & 1150 62 61.5 
From 2325 °F | | 1050° F. C-66.5 | C665 
| | . 1050 &1050 | 66.5 66.5 
16.000, \— ! 939° F. | od 
800 900 1000 — a 63.5 63.5 
Tempering Temperature, F | |1100 & 1150 63 63 
ow or 18-4-1 1050° F. C-63 C-63 
Fig. j 18-4-1 That Has Been Quenched to C O98) sce | 1050 & 1050 | 62.5 | 62.5 
—120° F. and Then Tempered (Lower Full Cr 404| ~ we. 1150 59 59.5 
Line) Has Lower Shock Resistance When Vv 1.21 | [1100 & 1150 59 59 
Tested in the Machine of Fig. 3 Than When Ws18.27 | 1050° F. C-65 C-65 
Quenched Only to Room Temperature Before Mo 0.41 939()° F. a 1050 ay a 
pol ‘ : : . . 7 : 5 ip 1.9 
Tempering. Specimens held 2 hr, at temperature 1100 & 1150 61 | 61 
1050° F. C-65 C-64.5 
: ’ 9350° F 1050 & 1050 64.5 64.5 
tinue until only about half as much aus- — os 1150 62 61.5 
tenite remains untransformed as would lites & 1150 61.5 61.5 




















have been left had the cooling been 
stopped at room temperature. The hori- 
zontal lines in Fig. 5 representing mar- 
tensite transformation illustrate this point 

about 85% is transformed upon reach- 
ing 70° F.; only 92% at —150°F. Also it 
is known that if the cooling is interrupted at or 
near room temperature for any appreciable time, 
or if the steel is tempered before the subzero treat- 
ment, the austenite will have become so stabilized 
that no further transformation will occur during 
cooling to subzero temperatures. 

Thus it appears that the only way in which a 
subzero treatment is likely to be of benefit in 
normal hardening would be as a continuous 
extension of the quenching cycle. Even so, the 
refrigeration does not eliminate the necessity for 
double tempering at the usual high temperatures, 
and the physical properties obtained in the final 
condition seem to be no better than those after 
conventional quenching and tempering. Figure 7 
shows that 18-4-1 high speed steel specimens 
quenched continuously to 120° F. and then 
double drawn have a lower shock resistance than 
those quenched and drawn without a = subzero 
treatment. This is especially noticeable at the low 
draw (800° F.) where the subzero quenched and 
tempered specimens will have much less retained 
austenite than those conventionally treated. 


+All values 
removed before testing. 
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* All treatments carried out in salt baths. 


obtained with the 150-kg. 0.005 i 


load, 


tTempered 2 hr. at heat. 


It has been suggested that a subzero treatmen! 
might improve the performance of tools which had 
been improperly heat treated — as, for instance 
by undertempering, overtempering, overheating. 
or by arrested quenching above room temperature 
Table I shows that for two different grades 0! 
high speed steel, each quenched from three diller- 
ent temperatures and given various tempering 
treatments, a subzero treatment after tempering 
caused no appreciable change in hardness. Table 
Il shows that even when quenching is interrupted 
at 250° F. followed by tempering at 750° F. fo! 
2% hr. (so as to retain a very high percentage ©! 
austenite) the subzero treatment failed to increase 
hardness more than two to three points, while 
double tempering at 1050°F. completely tran 
formed the retained austenite and brought the 
hardness up to normal maximum levels. 

Before conducting this experiment, it was fel 
that the length of time which pieces remained * 
room temperature between draw and refrigeraltle® 
might have some effect on the amount of austen 
that would transform during the cold tr 


ment 
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Table [1 — Effect of Stay at 70° F. After First Tempering on Hardness After 
Cold Treatment or After Second Tempering 
PRELIMINARY HARDENING TREATMEN1 


Preheat in salt bath at 1550° F. 


High heat 2% hr. in salt bath at 2325° F. for 18-4-1 and at 2225 for W-Mo. 


Quench in oil at 250° F. for 15 min. 
Draw in salt bath at 750° F. for 2% hr. 
Cool to room temperature in air. 


strength, toughness, and 
stability of the tool are pro- 
duced (disregarding for the 
moment the effect of sur- 
face treatments). 

Since the structure of 


as-quenched high speed con- 











sists of undissolved car- 
| . 

| | RocKWELL C HARDNESS hides, untransformed 

sree Puce | tus at : eee austenite, and untempered 
(@/ No. (b) 70° F. Berore Cop | Arter Coup | Arrer Two martensite, it is inherently 
TREATMENT (c) | TREATMENT (c) | Repraws (d) ; ee : : 

S ieea weak, brittle, and unstable. 

1& 2 | None | 57.5 to 58 58 65 In order to improve these 
184-1 | 3& 4 30 ~ | 58 to 58.5 58 to 58.5 695 conditions, the tempering 
l3a 6 | i. i 55 to 58.5 58 to 58.5 65 operation should complete 
st | = “i ba ~ oe the transformation of the 
9&10 | None 56.5 58 to 59.5 65 s ale rye 

11&12 | 30min. 57 to 57.5 59 to 60.5 64.5 austenite as well as get a 
W-Mo 13&14 1 hr. 57 58 to 58.5 64.5 to 65 increments of the martens- 
lisa 16 | 24hr. | 57 59 to 60 64.5 to 65 ite in as well tempered and 
stress relieved a condition 








(a) Same steels as in Table I. 


(b) Test pieces were 0.525 in. diameter with longitudinal flats 4% in. wide. 
(c) Cold treatment consisted of cooling to —120°F. for 2 hr. total time. 
(d) Redraws were at 1050° F. for 2 hr. on even numbered test pieces that 


were not refrigerated. 


Therefore, four different holding times were 
investigated. As shown in Table II, the hold- 


as possible without lower- 
ing the hardness below a 
satisfactory for 


level cul- 


Table I1l— Effect of Subcooling and Tempering on 


the Hardness of a 1.27% C, 542-4'2-4-1'% Steel, 
Austenitized at 2210° F. (Morrison) 





ing time at 70° F. had no measurable effect. 

It may well be that some form of unortho- 
dox heat treatment would produce conditions 
that could be improved by subzero treatments. 
To date, the only one reasonably well demon- 
strated is excessive carburization. As shown 
in Table IIT (from J. G. Morrison’s “An 
Appraisal of Subzero Hardening of High Speed 
Steel”, Iron Age, July 26 and Aug. 2, 1945) 
the austenite developed in the carburized 


No, 1 No, 2 
As quenched C-43 | C-43 
Tempered 700° F., 30 min. * | 43 
Subcooled to — 120° F. * 62 
Tempered 1050° F., 1% hr., once 58 66% 
Tempered 1050° F., 1% hr., twice 63 67% 
Tempered 1050° F., 1% hr., three times 66 67% 
Tempered 1050° F., 1% hr., four times 66's 67 
Tempered 1050° F., 1% hr., five times 67 67 
Tempered 1050° F.,1% hr.,sixtimes | 67's 67 





surface during heat treatment in slightly car- 


| 
HARDNESS 


Hear TREATMENT 








burizing atmosphere may be partially trans- 


lormed —-or rendered more amenable to 
lranstormation through tempering—by a 


subzero treatment, even though one or two temper- 
ing operations have intervened. Aside from this 
one condition, the present authors would not know 
how to recommend a subzero treatment with any 
hope of improvement over normal heat treatment. 
Furthermore, in the authors’ experience, many 
carefully conducted field tests of actual high speed 
Steel cutting tools given a subzero treatment, either 
before or after tempering, or both, have failed to 
show ‘ny measurable superiority over others 
hardened by a normal quenching and tempering 
process 

_ The tempering operation is an essential and 
highly critical part of the complete hardening 
Procedure. It is here that the final hardness, 


*Sample not subjected to this treatment. 


There is, at 
on the 


ting and wear resistance. present, 
considerable authentic information 
anism of tempering which serves to explain how 
Without going into 
things 


mech- 


this can best be accomplished. 


lengthy theoretical detail the essential 


which the heat treater should understand are 
somewhat as follows: 
1. The first tempering cycle, consisting of 


heating to a preselected temperature and holding 
for a definite time, tempers and stress relieves the 
original martensite and “conditions” the retained 
austenite so most of it will transform. 

2. The tempering and stress relieving of this 
original martensite is accomplished while heating 


to and holding at the tempering temperature. 
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3. Holding at the tempering temperature 
“conditions” the austenite so that most of it will 
transform to new martensite on continuous cool- 
ing to room temperature. 

4. This formation of new 
accompanied by a volume change, and new inter- 
nal stresses are set up which should be relieved 
by a second tempering cycle. 

5. In order to bring about the complete trans- 
formation of all austenite present during the first 
tempering cycle, a definite minimum holding time 
at temperature is required, depending on the type 
of steel and the temperature used. Therefore, 
all initial tempering treatments should be regarded 
as time-temperature combinations. The lower the 
temperature, the longer time required. This is 
well shown in Fig. 8, from Morris Cohen and Paul 
Gordon’s paper in Iron Age for March 14, 1946, 
entitled “Heat Treatment of High Speed Steel”. 

6. The second tempering cycle is intended 
only to temper and stress relieve the martensite 
formed on cooling from the immediately preceding 
tempering operation, and is not so time-dependent 
as the first. The temperature should be about the 
same as the first cycle but 1 hr. should be sufficient. 

7. Since all high speed steels, when normally 
austenilized, exhibit the characteristic known as 
secondary hardening upon tempering, the heat 
treater has the choice of tempering so as to pro- 
duce maximum secondary hardness, or a lesser 
degree, by tempering either under or over the 
temperature for maximum hardness. 


martensite is 
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Fig. 8 — Tempering of High Speed Steel (Averages 
for 18-4-1, 18-4-2, W-Mo and Mo-W Types) Is ¢ 


Time-Temperature 


Operation — Low Tempers Re. 


quire Long Times; High Tempers Need Shorter Times 


8. 


If 


the steel is drawn at a_ temperature 


under that required for maximum hardness, the 
austenite will not completely transform upon cool- 
ing from any commercially feasible holding time, 


so the steel will remain in 


an unstable micro- 


structural condition due to the retained austenite. 
On the other hand, the toughness or shock resist- 
ance of such a piece may be high, so there are 
occasions when this practice may be desirable. 
9. If the tempering is done at temperatures 
above that required for maximum hardness, the 
austenite transformation will be practically com- 
plete in a short time and structural stability thus 
insured, but hardness, strength, and _ toughness 
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Lm-6. 


Shock Resistance 


§ 20.000 P= 52H Temper 


will all be lower than the optimum. 
Many believe that toughness or shock 
resistance is increased by overtempering, 
but careful study of all physical test 
data available fails to show any improve- 


Fig. 9 (Left) and 10 — Mechanical Prop- 
erties and Especially Toughness of Prop- 
erly Quenched 18-4-1 High Speed Steel 
Suffer When Tempered Above Heat Which 


Develops Maximum Secondary Hardness 
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ment in toughness until tempering temperatures 
over 1200°F. have been reached, whereupon the 
hardness has been so lowered that good cutting 
properties have been lost. From Fig. 9 it can be 
seen that all three mechanical properties decrease 
along with hardness when the high speed is tem- 
pered at temperatures above that which produces 
maximum secondary hardness. 

The effect of tempering temperature on the 
shock resistance, as measured by the authors’ 
pendulum machine, is also shown in Fig. 10, and 
leads to the same conclusion. 

10. For the reasons already given, double 
tempering is adequate, providing the first hold- 
ing cyele is sufficient to cause complete trans- 
formation of the residual austenite. If, however, 
for any reason the first cycle is cut short, there will 
he some austenite left which will not transform 
during the second cycle, so a third tempering 
eyvele becomes necessary. As already mentioned, 
whenever quenching is arrested above room tem- 


Table IV — Properties of 18-4-1, Normally Quenched and 
Tempered and Then Retreated as Indicated (a) 


Isothermal Treatment 


Most of the commercial hardening cycles are 
designed to avoid as far as possible the trans- 
formation products which form above 400° F. The 
desired structure after quenching is martensite 
with the inevitable retained austenite; undesired 
are proeutectoid carbide, fine pearlite (primary 
troostite), and bainite. However, the isothermal 
transformation of austenite to bainite, in a manner 
comparable to the “austempering” process com- 
mercially applied to carbon and low-alloy steels, 
has been studied by several investigators. 

The T.T.T. curves for high speed steel, Fig. 5, 
indicate that no transformation takes place upon 
holding for any reasonable time between 1150 and 
700° F. — even up to 30 hr. in the interval between 
1100 and 700° F. However, in the range between 
600 and 400° F. a transformation starts in a 
comparatively short time (8 min.). Near 600° F. 
this transformation goes to 50% of 
completion in a little less than 2 hr.; 
“primary bainite” is the transforma- 
tion product. The austenite remain- 








PROPERTY RETEMPERED (b) | AUSTEMPERED (c) ing becomes stabilized and little 
— — gee —- further transformation occurs either 
Rockwell hardness , eal C64 by continued holding or upon cool- 
Modulus of rupture in bending 408,000 psi. 450,000 psi. as “ 
Permanent set at rupture 0.07 % 0.15% ing to room temperature (a8 Cxpere 
Modulus of rupture intorsion | 310,000 psi. 345,000 psi. mental fact that is not indicated on 
Angle of twist at rupture 80° 115° the T.T.T. diagram). 
Torsional impact | 48 ft-lb. 109 ft-lb. Professor Cohen has shown that 








(a) Thesis of R. E. Peterson at Massachusetts Institute of Tech- 
nology: “Effects of Isothermal Transformation of Residual Austenite 


on the Properties of High Speed Steel”. 
(b) Cooled in air after the retempering heat. 


this residual austenite may be con- 
ditioned for further transformation 
by a normal tempering treatment; 
furthermore, that the transformation 


(c) Cooled to 400° F. after the retempering heat, held at 400° F. to bainite will continue if cooling 


for 20 hr., and cooled in air. 


perature, abnormal amounts of austenite are 
retained and it has been shown by P. K. Koh and 
Morris Cohen in their paper entitled “The Tem- 
pering of High Speed Steel” (Transactions @, 
V. 27, 1939, p. 1015), that the first tempering cycle, 
ho matter how long its duration, will never com- 
pletely transform all of this austenite. Under 
these conditions, three tempering cycles are 
always necessary. 

11. It should be borne in mind that temper- 
ing time is always cumulative with respect to the 
“conditioning” of austenite. For example, four 
l-hr. draws will result in the same amount of 
transformation as one 4-hr. draw at a given tem- 
perature. However, cycles should be so arranged 
that after the austenite transformation has been 
‘completed one more draw will be applied for 
Stress relief. 
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after tempering is again interrupted 

at the same level as before. This 
product of the second isothermal transformation 
has been designated as “secondary bainite”. The 
right-hand column in Table IV shows that some 
of the physical properties in 18-4-1 high speed 
resulting from interrupted cooling for 20 hr. at 
400° F. from a retempering are superior to those 
developed by continuous cooling from the retem- 


pering cycle (next to last column). 

Structurally, no difference appears to exist 
between primary and secondary bainite, when 
examined under the microscope, provided they 
transform at the same temperature. 

Bainite, especially that formed in the lower 
temperature range, is but slightly softer than 
martensite, but due to its formation at a higher 
temperature than martensite and the fact that its 
formation involves somewhat less volume change 

-the resultant structure contains considerably 
















































less internal stresses. Probably for this reason 
Baer and Payson report, in “The Bainitic Harden- 
ing of High Speed Steel”, Transactions @, V. 39, 
1947, p. 488, superior results from many tools 
treated so as to contain primary or secondary 
bainite or both. 

Much remains to be learned regarding the 
useful properties of this structure, and tests are 
being continued to determine its effect in various 
applications. However, the time cycles required 
to produce bainite are considerably longer than 
those usually employed in commercial practice, 
and outstanding improvement is therefore neces- 
sary to justify the increased time. 


hig. 11 


Light-etching layer near surface produced 
by quenching 18-4-1 high speed steel into 


0.003 in. Well-substantiated reports of 100°; or 
more increase in tool life are not unusual. This 
may be attributed partly to increased wear resist. 
ance (due to higher hardness of the surface lay. 
ers) and partly to the nongalling characteristics 
of this case which reduces the tendency of the 
cutting edges to pick up metal. 

Like many other highly desirable conditions, 
however, a compromise must be made, since we 
obtain increased cutting efficiency at the expense 
of shock resistance or toughness. To avoid this. 
many variations of the cyanide treatment have 
been suggested, such as using shorter cycles, rapid 
cooling from the cyaniding temperature, and tem- 


Surface Layers at 500 X Produced by Cyanide or “ Nitriding’” Baths (Two Samples Clamped Together 


Dark-etching surface layer produced by treating hardened 
tempered, and ground specimens of 18-4-1 high speed steel In 


a salt bath at 1150° F. containing 10% NaCN a “nitriding” bath of cyanide salts at 1050° F. for 60 min 


Surface Treatments 


One very common method of increasing 
abrasion resistance of high speed steel tools 
beyond that obtainable from regular hardening 
and tempering procedures is by “nitriding” in a 
molten cyanide bath. In practice these baths are 
operated between 900 and 1100° F. — generally at 
or below the tempering temperature at which the 
tools were drawn and at which no further soften- 
ing would occur from the heating. 

Nitrogen given up by the bath is absorbed by 
the tools, causing a surface layer of greatly 
increased hardness (although the actual hardness 
is difficult to measure). The depth of the case 
produced by most commercial cycles is 0.001. to 


pering in a neutral medium after the cyanide 
treatment. Data from some tests, using our pen- 
dulum tester, are assembled in Table V, and 
indicate that none of these methods have an) 
appreciable effect in increasing toughness on high 
speed steel properly quenched and then tempered 
twice at 1050° F. (ground before “nitriding” 
Chromium plating, another widely used sul 
face treatment for cutting tools, may _ increas 
surface hardness slightly but is more generall) 
believed to bring about improvement by reducin: 
surface friction and tendency to “load”. Heav) 
chromium plates tend to impair fatigue resistance 
and toughness of the tool; light deposits, howeve! 


have proven beneficial in many application: |! 
may be noted from the tests of Table V th. the 
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toughness of chromium-plated 18-4-1 is greatly 
improved by tempering after plating in order to 
dissipate the absorbed hydrogen and to remove 
stresses therefrom. 

(Other surface treatments are of the oxide type. 
They are produced by such methods wherein, by 
chemical action at low temperature (as in the 
formation of black oxide) or at elevated tempera- 
tures (as When using some tempering salts or 
steam-atmosphere tempering furnaces), a very 
adherent ferrous oxide is produced. The claim is 
made that the oxide reduces the tendency to pick 
up metal from the chip during cutting, and the 
less dense surface aids in retaining the cutting 
lubricant. 

In connection with surface conditions, the 
layer produced by quench baths containing cya- 
nide should be mentioned. This layer (being 
formed by the action of cyanide on steel at rela- 
tively high temperatures while the steel is in a 
fully austenitic condition) is high in carbon and, 
for purposes of this discussion, may be said to 
represent a carburized layer, generally 0.001 to 
).002 in. in depth. This is extremely hard, and 
resists tempering up to 1150°F. When not 
removed by subsequent grinding and finishing 
operations, it impairs toughness to nearly the same 
degree as a “nitrided” case. Microstructures of 
the surface layers produced by quenching into salt 
containing cyanide and by treating in cyanide al 
1050° F. for 1 hr. after grinding are shown in Fig. 
11. Both specimens were double tempered 2 hr. 
at 1050°F. before examination. These photo- 
micrographs were made by clamping two duplicate 
specimens together so as to support the edges 
during polishing. 


Table V — Effect of “Nitriding” and Chromium 
Plating on Toughness 





SHOCK 
RESISTANCE 


SURFACE 
TREATMENT 
Tested as ground 21,615 cm-g. 


In cyanide 10 min. at 1050° F., 


air cooled 7,035 
30 min. at 1050° F.. air cooled 6,325 
60 min. at 1050° F., air cooled 6,380 
3) min, at 1050° F., quenched in oil 6,270 


3 min. al 1050° F., 


quenched in brine 9,940 
3) min. at 1050° F., 
quenched in boiling water 3,900 
3!) min. at 1050° F., air cool, 
temper at 1050° F., 1 hr. 7,039 
Chromium plated 0.001 in., 
it tempered 10,780 
UL in., tempered at 300° F., 1 hr. 17,490 
UL in., tempered at 480° F., 1 hr. 18,700 








—— 








The present authors made a few tests to show 
the comparative shock resistance of specimens of 
18-4-1 high speed steel which have been treated 
so as to have different types of surface layers. All 
specimens were tempered twice at 1050° F. before 
testing. Results follow: 

SHOCK 
TREATMENT RESISTANCE 

Quenched in neutral salt, 
ground 0.004 in. 

Same as above, then heated in cya- 
nide bath at 1050° F. for 30 min. 
and air cooled 6,600 

Ground before heat treatment, 
quenched in neutral salt 

Ground before heat treatment, 
quenched in cyanide quenching 
salt 7,700 


21,175 cm-g. 


14,300 


Conclusion 


This discussion of the practical heat treat- 
ment of high speed cutting tools has been pre- 
sented to show how any metallurgist trying to do 
the best possible job may re-examine his toolroom 
heat treatments. Frequently the information made 
available by researchers confirms the correctness 
of his methods which, as a matter of fact, might 
have been developed by cut-and-try procedure. 
At other times, it may reveal the possibilities of a 
hitherto neglected type of structure having prop- 
erties quite different from those produced by 
conventional treatment. 

In general, advanced practices have been 
altered but slightly, and recent changes are in the 
nature of refinements rather than radical depar- 
tures from established practice. This is due, for 
the most part, to the above-mentioned fact that 
scientific work has confirmed the validity of 
standard practice. A conservative position by 
certain toolsteel users may, on the other hand, 
indicate a failure to appreciate the value of some 
recently developed theories. 

Modern heat treatment of high speed steel 
cutting tools is based, then, both on past practical 
experience developed through trial-and-error pro- 
cedures, and on scientific knowledge of the 
behavior of the material as advanced by the 
research laboratories of our universities, steel 
manufacturers, and industrial plants. Obviously, 
the successful practice of known principles 
requires the ability to control intelligently the 
several factors which determine the final proper- 
ties of the heat treated tools. The present authors 
hope that this presentation will enable other tool- 
steel users to make the best use of what is now 
known about that intricate but extraordinarily 
high speed steel. ~ 


useful alloy 
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Personals 





Edwin H. Engel @, after 14 years 
with U. S. Steel at its research lab- 
oratory and various plants, has joined 
Corporacion de Fomento of Chile as 
chief metallurgist for the new in- 
tegrated steel plant under construc- 
tion. He will be located in the New 
York offices of the company for 
several months before leaving for 
Chile. 


After receiving his D.Se. degree 
at Massachusetts Institute of Tech- 
nology, Robert L. Kamm @ has been 
appointed to the staff of the school of 
metallurgy, Melbourne University, in 
Australia. He is senior lecturer in 
physical metallurgy. 


After completing his postgraduate 
work in metallurgical engineering at 
the University of Utah and U. S. 
Bureau of Mines, Salt Lake City, 
Utah, M. A. Haque @ will leave for 
his home country, Pakistan, where he 
will work with the Pakistan govern- 
ment. He will return by way of Eng- 
land where he plans to acquaint 
himself with British practice. 


F. F. Daugherty @ has joined the 
Ohmer Corp., Dayton, Ohio, in a sales 
and production capacity as a result of 
this corporation’s buying out Transit- 
Fareguard Corp., with whom he was 
vice-president and engineer. 


M. K. Whiting @ has left Wheelco 
Instruments Co. and is now associ- 
ated with M. J. Ludwig Realty Co., 
Painesville, Ohio. 


G. Brainard Trumble @ has re- 
cently left Tube Turns, Inc., to accept 
a position as supervisor in charge of 
heat treating at Ford Motor Co.’s new 
Canton, Ohio, plant. 


Bob Kattus @ has resigned from 
the position of metallurgist with 
Aluminum Industries, Inc., and has 
accepted a position as metallurgist 
with Anderson Brass Works, Birming- 
ham, Ala. 


M. Victor Walberg ©, formerly 
manager of the Stainless Steel Div. of 
Pacific Metals Co., Ltd., is now sales 
engineer for Coulter Steel & Forge, 
Oakland, Calif. 


Resigning from American Steel & 
Wire Co., Richard B. Uhle @ has ac- 
cepted a commission in the U. S. Air 
Force and is at present in the Penta- 
gon Headquarters as chief of the 
Career Opportunity Branch. 





Burton Perlman @, who 1: ceiveg 
his M.E. degree from Yale Un ersity 
in June 1947, is now associate: with 
Pratt & Whitney Aircraft Div. ; East 
Hartford, Conn., as a metallurzist. 


W. A. Silliman @ has resigned as 
chief metallurgist of the Cletrac plant 
of the Oliver Corp. and is now metal. 
lurgist of the American Metal Treat. 
ing Co., Cleveland. 


After graduating from Purdue 
University, James S. Rosenbaum @ js 
now employed in the physical testing 
laboratory of the Acme Steel Co, 
Chicago. 


E. W. Lobkowitz @ is now eastern 
representative of the Chambersburg 
Engineering Co., Chambersburg, Pa, 


Armour Research Foundation an- 
nounces that Walter C. Troy @ has 
been appointed supervisor of heat 
treating research at the foundation. 
He joined the Metals Research De- 
partment over a year ago. Julian 
Glasser ©, formerly director of re- 
search for the General Abrasive Co., 
has been appointed to the staff of 
Metals Research. 


D. V. Hamilton @, sales manager 
of Exothermic Alloys Sales and Serv- 
ice, Inc., Chicago, has been elected a 
director of the company. 










HEATBATH 
Jeaproenten, BATHS 


Pioneered by America's oldest exclusive Metal Treating Bath specialists 










use our 


SAVE TIME — SAVE MONEY 


Pentrate Process 


for a deep black finish on steel 


@ Carburizing 
@ Neutral Hardening 


@ Tempering 





@ Quenching 
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TO BE GOOD — you wont Performance. To get Performance salt baths must have 
Balance and Uniformity. The components must be reciprocal —that means HEATBATH. 


@ Annealing 
@ Nitriding 
@ High Speed Hardening 


@ High Speed Quenching 


CLEANERS @ RUST INHIBITING OILS @ ACID INHIBITORS 


HEATBATH CORPORATION inven: 


IN CANADA: William J. Michoud Co., itd., Montreal 
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|’ iS significant that in the highly-competitive building 
hardware trade Revere Metals are extensively used to 
produce fine items. Take this Norwalk Lock and latch 
assembly. The escutcheon plate is stamped from sheet 
brass, Revere Alloy No. 160, known as Cartridge Brass, 
°0%. This has superior ductility, and takes a high polish. 

The handle is made from extruded leaded brass rod, 
Revere Alloy No. 280, which is widely used for hardware, 
forgings, and plumbing goods. This is supplied in straight 
mill lengths, and the manufacturer cuts it to length, bends, 
machines and drills each end, and threads inside and out. 
\tter polishing he has, at low fabrication cost, a handle 
that is strong, solid, and whose beauty will endure through 
the vears, 

In manufacture of the tumbler lock, free-cutting brass 
rod, Revere Alloy No. 240, is used because of the ease and 
speed and accuracy with which it may be worked. 

[he Norwalk Lock Company states: “At this time we 
might place ourselves on record as recommending, wher- 
ever possible, the use of brass and bronze on our products 
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Lock made by the Norwalk Lock Co., Sonth Norwalk, Conn., 
showing Revere extruded brass rod from which the handle is made. 


to the hardware trade in preference to other cheaper 
metals.” : 

The wide range of the Revere Metals makes it possible 
for you to select exactly the correct ones. Revere supplies its 
metals in mill products as follows: Copper and Copper Alloys 
Sheet and Plate, Roll and Strip, Rod and Bar, Tube and 
Pipe, Extruded Shapes, Forgings—Alaminum Alloys: Tube, 
Extruded Shapes, Forgings—Magnesinm Alloys: Extruded 
Shapes, Forgings. Revere’s Technical Advisory Service 
will gladly collaborate with you in studying these metals in 
their various forms, and their suitability for your product 


and processes. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere im 1801 
230 Park Avenue, New York 17, New York 
Mills Baltimore, Md.; Chicago, U1; Detroit, Mich; New Bedford, Mass.; Rome, 
N. Y.—Sales Offices in Principal Cities, Distributors Everywhere. 













One piece flanged and dished head 
144” in diameter,9 16” gauge. Type 
304 Stainless Steel. 






STAINLESS STEEL 


HEADS «@ 


G. 0. CARLSON, INC. 


There are many advantages to buying stainless heads from G. O. Carlson, 
Inc. Not the least important is the fact that you place the entire responsi- 
bility in the hands of one capable organization. The same technical and 
production staff who produce Carlson Stainless plates to chemical industry 
standards, apply their skill to the production of heads to your specifica- 
tions. A wide variety of head forming dies are available in both size and 
shape to suit your specific requirements. In addition to the dies to produce 
A.S.M.E. and Standard dished heads, dished and flanged heads, flared 
heads, flared and dished heads, we can supply special sizes spun to 
individual requirements. 

G. O. Carlson, Inc., maintains a large stock of Stainless Steel Plates 
in many types and gauges to render prompt service in the production 
of heads. 

Let G. O. Carlson, Inc. take the individual responsibility — send us 
your prints and specifications for quotations. 


CARLSON, we. 


‘ Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS « BARS e SHEETS (No. 1 Finish) 
Warehouse distributors in principal cities 
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Personals 





et 


Samuel A. Wenk @, formerly chief 
metallurgist for Bowser, Inc., has 
joined the staff of Battelle Memoria] 
Institute, Columbus, Ohio, where he 
will be associated with its research in 
welding technology. 


Russell Franks @ has been named 
chief metallurgist in the _ technica] 
service and development department 
of Electro Metallurgical Co. and the 
following men have been appointed 
division managers of service: J. N. 
Ludwig, Jr., @ for Pittsburgh; R. J. 
Portman @ for Chicago; F. W. Han- 
son @, for New York; W. B. McFerrin 
@ for Detroit. 


Howard J. Elgin @ has been 
elected a vice-president of Steel Sales 
Corp., Chicago. He joined Steel Sales 
in 1935 and has most recently been 
manager of monel and nickel sales. 


Tom Coghill ©, who has been field 
engineer in the Chicago territory for 
Ampco Metal, Inc., has been appointed 
development engineer for the process 
industries in that same area. 


Stevens Institute of Technology 
Hoboken, N. J., announces that the 
following adjunct professors of metal- 
lurgy have been appointed: Peter 
Payson @, assistant director of re- 
search of the Crucible Steel Co. of 
America; Eugene P. Polushkin 6, 
consulting metallurgical engineer of 
New York City; Norman E. Woldman 
@, consulting engineer of Upper 
Montclair, N. J. 


A. L. Hodge @, formerly research 
metallurgist with Carnegie- Illinois 
Steel Corp., has recently accepted a 
post with the research laboratories of 
the Linde Air Products Co., Tona- 
wanda, N. Y. 


Lincoln Electric Co. announces that 
H. E. Cable @ is now’ district managet 
of its Pittsburgh office. Mr. Cable has 
been a welding engineer for Linco! 
in the Pittsburgh area since 1943. 





Atlas Steels, Ltd., Welland, Canada 
has appointed F. F. Bain @ to ™ 
newly created position of stainless 
steel service metallurgist. Mr. Bain 
has been chief metallurgist of 
Baltimore Castings Corp. for the past 
year and at the same time \ re- 
tained by Atlas Steels, Ltd., a 
less steel consultant. 


Edward Lovett Jackson & has 
become a partner of the pate:t |a¥ 
firm of William Steell Jacks and 
Sons, Philadelphia. 








Always Specify 


MISC Oxcsist1xc ALLOYS 


for Annealing Equipment 


PROVEN, TIME AND AGAIN, THE BEST METALS 
FOR FABRICATED HOODS, MUFFLES, BOXES, 
BASKETS AND FIXTURES 


MISCO METAL...35 Nickel-15 Chromium-Type 330 +» MISCO K...25 Chromium-20 Nickel-Type 310 








Send now for lists of Misco Rolled Mill Forms in these 
alloys, which are carried in warehouse stock for immediate 
production of heat-resisting alloy containers and fixtures. 


ROLLED PRODUCTS DIVISION 
anteeene Steel Casting Company 


One of the World's Pioneer Prodecers and Distributors of Heat and Corrosion Resisting Alloys 





1998 GUOIN STREET . DETROIT 7, MICHIGAN 
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“FALLS BRAND” ALLOYS 








\Agll" 


ANTI-PIPING 
COMPOUND 


° Gor wAe in Iron and Steel 


Foundries to: 









...reduce the depth of the pipe, 
without causing segregation, in 
the production of castings and 






ingots. 






...is practical for both small and 
° large castings and ingots because 
it is important that the castings 
be properly fed and have uniform 
grain structure regardless of the 
size of the finished product. 









will cause no change in chemical 





because there are no 





analysis 
elements in the compound that 
will cause contamination. 






it is easy to handle because it is a 
powder and is suitably packed in 







metal containers. 






Write For Complete Details 





Smelting & Refining Division 


BUFFALO 17, NEW YOR K 
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Personals 





a 


Powdered Metal Products Corp, 
Franklin Park, Ill, announces the 
promotion of E. Richard Walter 6, 
formerly chief metallurgist, to the 
position of sales manager. 


Walter Bessell © has joined Stain. 
less Foundry & Engineering (p. 
Milwaukee, as inspection foreman o; 
completion of work toward his B. § 
in metallurgy at Wisconsin School of 
Mines. 


Timken Roller Bearing Co. ap. 
nounces the following organizationa! 
changes: Henry Tobey @, factory 
metallurgist, has been appointed gen. 
eral superintendent of the Canto; 
bearing factory; Fred Barnard § 
assistant metallurgist, succeeds Mr 
Tobey as plant metallurgist; Joseph 
Selby @ has been appointed assistant 
metallurgist. 


Formerly superintendent of mode! 
making with Lear, Inc., of Gra 
Rapids, Mich., Clement J. Bocklage 
@ is now factory manager of A. E 
Rittenhouse Corp. of Honeoye Falls 
N. Y. 

Robert T. Thurston ©, former! 
graduate student at Rensselaer Poly 
technic Institute, is now employed a: 
a research metallurgist by Massa 
chusetts Institute of Technology. 


W. C. Heaslip © has joined t! 
engineering staff of the Carborundu 
Co. at Niagara Falls, N. Y., as seni 
project engineer. 


Geoffrey J. Siegel &, previous 
employed by the Austin Co., Cleve- 
land, is now at the Barberton works 
of Babcock & Wilcox Tube Co. 


E. V. Potter @ has recently trans 
ferred from the U. S. Bureau of Mines, 
Salt Lake City, Utah, to the U. § 
Navy Electronics Laboratory at San 
Diego, Calif. His vresent position 1s 
electronics engineer in the systems 
engineering department. 


Joseph Farley @ has terminated 
his connection with American Machine 
and Metals, Riehle Testing Machine 
Division, to assume a sales positior 
with Reynolds Metals Co. covering 
the State of Iowa. 


Resigning his position of plant 
manager of Davis Woolen Mills, Ltd. 
P. M. Stafford @ has been appointee 


associate professor of mec!anica 
engineering at McGill University, 
of the 


Montreal, where he is in charg: 
machine design section of the mechan 
ical engineering department. 

























Stainless Stee! impeller Castings 


A J{YMBOL That Stands For 
SERVICE And QUALITY In 
Corrosion-Resistant Castings 


ARING to do the unusual . . . to pioneer and 
achieve new and better methods of production and 
quality control . . . these are factors that are making 
STAINLESS Foundry and Engineering Company nationally 
famous as an always dependable source of supply for 


Stomnless Stee! Dump Valve : : H i H 
rrosion-resistant castings and specialties. 
for Milk Weigh Tank one 9 


SOLVING the specialized casting problems of the chemical, 
food processing, and dairy equipment industries is 
always a challenge to the men of “STAINLESS” — a 
challenge we invariably meet. Because, here, top-flight 
engineering know-how combines with skilled technical 
ability to produce results that are always uniformly out- 
standing. 





WRITE TODAY for new Bulletin 
presenting valuable technical data. 


Wfiainlese Foundry & Engineering Co. 


Storaless Stee! 
Screw for ie 
Cream Machne 





5130 N. THIRTY-FIFTH STREET MILWAUKEE 9, WIS. 





April, 1948; Page 561 











PRECISE HARDNESS TEST 


of Microscopic Particles 


. 


s we, 


"l 






Tin Oxide Crystal, 
magnification L000 X. 


U'TH a Spencer Bierbaum Microcharacter 

you can measure accurately the hardness 
of small areas, particles, and microscopic con- 
stituents of metals. 


The specimen, highly polished and lubri- 
cated, is moved by micrometer feed beneath 
an accurately ground diamond point. The 
point is cube shaped for durability and ease 
of duplication. Pressure is precisely controlled 
so that hardness can be determined under the 
microscope by measuring the width of the 
resulting cut. 

The Microcharacter is recommended for use 
with Spencer Metallurgical Microscopes. For 
further information write Dept. D119. 


American @ Optical 


COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


anupacturers of the SPENCER cseientific Justruments 
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Personals 





Alan T. Holman @, formerly as. 
sistant metallurgist, Canadia: 
Screw & Gear, Ltd., is now service 
engineer for the Dow Furnace (o, 
Detroit. 


Ohio Crankshaft Co., Cleveland 
announces the appointment of H. p. 
Osborn, Jr., & to the position of tech 
nical director of the TOCCO divisio, 
Dr. Osborn has been with Ohio Crank. 
shaft since 1940 as research and de. 
velopment engineer and sales manager 
of the TOCCO division. 


James A. Harding 6, 
manufacturing engineer with Mar 
chant Calculating Machine Co., is now 
project engineer with Schlage Lock 
Co., San Francisco, Calif. 


Acme 
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Aluminum Co. of America has 
appointed G. R. Gardner, H. Y. Hun- 
sicker @, and W. E. Sicha @ as assist 
ant chiefs of the Cleveland researc! 
division. Mr. Hunsicker, a past chair- 
man of the Cleveland Chapter A.S.M 
has been with the Cleveland researc! 
division since 1936 and directs perma 
nent mold casting research. Mr 
Sicha originally joined Alcoa in 1928 
and has been a member of the Cleve 
land research division since 1943, be 
ing in charge of sand casting research 
Mr. Gardner is in charge of researc! 
on sands, mold and core materials, and 
other nonmetallics used in _ the 
foundry. 
















Leonard P. Rice @, formerly 
metallurgist with the Bendix Products 
Division of the Bendix Aviation Corp 
has been named to the metallurgica 
research staff of Battelle Memoria 
Institute, Columbus, Ohio. 









John S. Smart, Jr., and Albert 
A. Smith, Jr., @ received the Inst 
tute of Metals Division, A.I.M.E 
award for their work on the effect o/ 
phosphorus, arsenic, sulphur and 
selenium on high-purity copper. Mr 
Smart is research metallurgist an¢ 
Mr. Smith superintendent of the re 
search laboratories of America! 
Smelting & Refining Co., Barber, N. J 


Tyson Bearing Corp., Massillor 
Ohio, announces that R. R. Flaisig 6 
is their representative in southern 
Ohio territory. Mr. Flaisig has beer 
with Tyson since 1933 as heat treat 
foreman, inspection foreman, chief 
metallurgist, and, most recently, field 
service representative. 

E. J. Kalil @ is now employed by 


North American Philips, Lewiston, 
Me., as works metallurgical envineet 





































For Faster, More Accurate 
Metallurgical Hand Polishing 


spel lt Te 











“PRECISION” 


HAND POLISHER 


The “Precision” Hand Polisher is engineered for fast, uniform 
polishing of metallurgical specimens. 


A 12” lap provides more working area... gives fast or slow cutting 
as desired ... wears more evenly as entire surface from center to 
outer edge can be used .. . special lap construction prevents 
corrosion and freezing on drive shaft . . . laps easily and quickly 
changed .. . laps and pan can be flushed clean eliminating con- 
tamination . . . built-in pan eliminates separate sinks. 

Entire polishing cycle from any cut surface to finish polish in 3 or 
4 steps using only two abrasives . . . eliminates intermediate 
grinding ... speeds up polishing cycle . . . produces specimens 
with mirror-like surface, free from scratches. 

Entire 


bronze 


unit is self-contained. Lap driven by specially engineered 

and bakelite worm and gear combination which assures 
smooth, quiet operation, without vibration. Overhanging flange 
permits flush mounting in table-top. 


Improved Deliveries. ¢ 


Purchase Grom Your Laboratory 


“PRECISION”? 


HANDI-HOLDERS 


Faster, more accurate, easier handling, “Precision” Handi-Holder 
(Patent Pending) speeds up your polishing as much as 300% 
Will pay for itself in a week's time or less. Holds 3 mounted 
specimens securely in place. Assures an even, flat surface, permits 
more efficient handling of specimens. Eliminates possible tipping, 
prevents operator fatigue, provides a 3 point contact with the 
polishing lap. Eliminates rounding! Retains sharp edges! 


The Handi-Holder consists of machined aluminum body, stainless 
steel band and single lock screw. Spintite wrench is also furnished 
for speedy fastening of the single nut which holds specimens rig 
idly in place. Available for both 1” and 1'4” specimens 


“Precision” Handi-Holders used with a “Precision’’ Hand Polisher 
is the “perfect team” for lowering costs in polishing routine, for 
speeding up production, for better polished specimens under 
controlled conditions. Put this team to work for you! 


Write for Metallurgical catalog No. 850-1. 


Dealer 


Precision Scientific Company 


rascnon | 
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FINE SMALL METAL TUBING 


(Max. O.D. %”’) 


OUT OF THE BINS 


Distributors of Superior Tube Company products throughout the country 
carry stocks of high quality small tubing in standard sizes up to %’’ O.D. 
This assures you of prompt, efficient service in supplying your needs for 
tubing in carbon, alloy and stainless analyses. 


Make no mistake about this fine tubing. The sizes and analyses are “‘stand- 
ard” without sacrificing the cardinal principle of Superior tubing—that 
it is cold drawn to exact dimensions with a clean, bright finish. 


Keep in touch with the Superior distributor nearest you. He is a spe- 
cialist in handling the many analyses available in tubing form, and his 
technical representatives will be able to help you solve both metallurgical 
and engineering problems. If you do not know the name of your Superior 
distributor, write the mill and we will get you two together. 





AVAILABLE IN SEAMLESS 
and/or WELDRAWN* 
STAINLESS STEELS — 

A. 1. S.1. Type 304 end 347 
CARBON STEELS — 
A.1.$.1. MT 1010 end 1015 
ALLOY STEELS — 

A. 1.$.1. 4130 X 


*Reg US. Trade-mark 
Superior Tube Company 















rut BIG 





NAME IN SM 


Y 


“40 % 


SUPERIOR TUBE COMPANY 


For Superior tubing on the West Coast, 
call Pacific Tube Company, 5710 Smithway Street, 
Los Angeles 22, California. ANgeles 2-2151 


sun THING y Z, Ve 


a“ o.D. MAX-) 


2008 Germantown Avenue 
Norristown, Pennsylvania 
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Personals 





After graduating from Rensselaer 
Polytechnic Institute in January 194g, 
George A. Meyer, Jr., @ has accepted 
a position as shop practice engineer 
for the Malleable Founders’ Society. 


B. C. Thompson @ has been ap- 
pointed district manager of the newly 
established Michigan district office of 
the Electric Furnace Co., Salem, Ohio, 
with offices in Detroit. 


L. Edward Roby, Jr., @ is now 
vice-president and secretary of the 
Peoria (Ill.) Malleable Castings Co, 


General Metals Corp. has appointed 
Roy G. Hoag © to open a new sales 
office in Seattle, Wash. Mr. Hoag 
previously represented General Metals 
in Los Angeles and Oakland. 


The Midvale Co. has transferred 
W. L. Van Winkle @ from assistant 
metallurgical engineer to sales repre- 
sentative for Michigan with offices in 
Detroit. 


J. Frank Abbott ©, formerly with 
Allegheny Ludlum Steel Corp., Bir- 
mingham, Ala., has joined Hartwell 
Iron Works, Inc., Houston, Texas, as 
office manager and purchasing agent. 


Donald W. White, Jr., @ has re- 
cently joined the Knolls Atomic Power 
Laboratory of General Electric Co., 
Schenectady, N. Y., as research metal- 
lurgist. He was formerly with 
Sylvania Electric Products, Inc. 


Edward N. Case @ has been trans 
ferred to the Philadelphia office of the 
American Cyanamid Co. as technica 
representative. 


Harry F. Ross @, formerly 2 
Delco Remy Div., General Motors 
Corp., has joined Battelle Memoria 
Institute, Columbus, Ohio, as an el 
trochemical research engineer 


George Beiser @ has recent) 
transferred from the Department of 
Commerce to the National Military 
Establishment, Research and Develop- 
ment Board, where he is a consultant 
for the Committee on Aeronautics 


After graduating from Missou! 
School of Mines & Metallurgy, Alvin 
A. Wisco @ is now with Westinghous 
Electric Corp., East Pittsburgh, Pa 
in the student training program ‘ 
this company. 


Joe R. Gilbert @, forme: 5 wit! 


the Aluminum Co. of America, '5 2° 
serving as metallurgical engi! wit! 
Frontier Products Corp. of era 


Ridge, Ohio. 
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Highest Quality Steels 
moe VANCORAM FERRO VANADIUM 


The high quality of Vancoram Typical Composition Large stocks are carried of all 


GRADE “A” Vanadium 35-40' 


Ferro ys ¢ j » 21c ‘ »S ‘ ma ¢ ay Cs > 
Vanadium, consistent from (Open Hearth) Silicon aoe ae grades of alloys, and they can be 


Carbon. max. 3.50°; 


lot to lot, assures the steelmaker supplied in any of the standard 


closer control during production S®4 ® Vanadium —n lump, crushed, or mesh sizes. 
(Crucible) Silicon max. 3.50° 


and a finished product of unex- Carbon. .max. 0.50% Our metallurgists will be glad 


GRADE Cc" Vanna. . .5-2 to assist you in the application of 


(Primos) Silicon max 25% 
properties. The alloy is produced Carbon. max. 0.20 Vancoram Ferro Vanadium to 


in the following grades to meet HIGH V GRADES Vanadium 50-55 meet your specific requirements. 
60-65, 


celled microstructure and physical 


the requirements of various prod- 70-80°; 4 ‘ 
Silicon Low MAKERS OF fr | CHEMICALS 


ucts nd manufact uring technics: Carbon Low FERRO ALLOYS VANSSE 3 Y AND METALS 


VANADIUM CORPORATION OF AMERICA 


7s 8. ¥. . DETROIT ° CHICAGO «+ CLEVELAND ° PITTSBURGH 


‘INGTON AVENUE, NEW YORK 
















NIAGARA 
“AERO” 
COOLING 


| 







pli 
ie 








Controls 
Temperatures Closer for 
Improved Production 


i! 


+ 








@ Where the rate of production and the quality of a 
product is affected by a cooling process, the NIAGARA 
AERO HEAT EXCHANGER with “Balanced Wet 
Bulb” Temperature Control has a remarkable perform- 
ance record. 

For example, by closer control of a quenching bath, 
it has helped make possible continuous production of 
precision parts with rejections reduced to the vanishing 
point and production over double previous performance. 

Other applications are cooling of process equipment 
and engine jacket water, cooling of lubricants, cutting 
oils, hydraulic oils, electronic sets, transformers, con- 
trolled atmospheric processes, condensing of steam, 
gases and refrigerants, compressed air and gas cooling. 

Write for further information and examples of ap- 
plications in the field that interests you most. 


Ask for Bulletin 96-MP 


NIAGARA BLOWER COMPANY 


Over 30 Years of Service in Industrial Air Engineering 
405 Lexington Ave. New York 17, N.Y. 


District Engineers in Principal Cities 


= 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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uality Steel Castings 


. » « THRU CONDITIONED SAND 


By Controlling: 
| Moisture in sand 


Permeability (ability of sand to 


breathe) 


Se ee eee 


p 


: 
r ti 
. rye |} 
} Sand strength to avoid deforma- 


tion and erosion 


Temperature —— to avoid patch- 
ing through eliminating sand 


sticking to pattern 


Such methods as shown for control- 
ling sand enable the steel founders 
listed below to maintain the high 
quality of the steel castings you 
need for your machinery and equip- 


ment. 


Check with one of these leading 
founders next time you consider 


steel castings. 





Select the nearest foundry- 


The mill and sand laboratory shown above enables the Electric Steel 
men listed below, and take 


Castings Company, Indianapolis, Indiana, to control the factors and 


advantage of their long expe- properly condition sand for making steel castings with uniform and 
rience in steel casting. smooth surfaces for economic machining and assembly. 
Twa tT Th Tn nn ne eR aa 
CRUCIBLE STEEL CASTING CO. ELECTRIC STEEL CASTINGS CO. THE SYMINGTON.GOULD CORP. 
Almira & West 84th St. Speedway. Symington Place 
Cleveland. Ohio Indianapolis. Indiana Rochester 3, New York 
WOodbine 4613 Belmont 0400 Genesee 10! 
THE DETROIT STEEL CASTING CO. STRONG STEEL FOUNDRY CO. UTILITY ELECTRIC STEEL FOUNDRY 
4068-4140 Michigan Ave.. Hertel & Norris Ave.. 3334 East Slauson Ave.. 
Detroit, Michigan Buffalo, New York Vernon, California 
Latayette 5710 Riverside 2700 Kimball 4165 
BLE on Te a 
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We've had years of experience in developing and 
manufacturing low temperature brazing alloys to 


MANY FORMS FOR 
YOUR CONVENIENCE 


produce strong, sound joints on ferrous and non- 








ferrous metals. 
Day in and day out the automotive, refrigeration, 
electrical and other industries are using APW sil- 
ver brazing alloys...and getting good production 
records, too. 

Don’t wait for the next requisition . . . write 


now for our folder No. 45 and get acquainted 
with APW’s wide range of brazing alloys. 


Here are a few of our leaders that will interest you: 


APW 217 


Contains 45 per cent silver. Exceptionally fast flow- 
ing. Our leading alloy for large-scale production. 


Low in cost—high in strength—hos 35 per cent 


A premium alloy for lowest temperature brazing — 
cadmium-free—hi.jhly ductile and corrosion resistant. 


silver content. 


WE INVITE YOUR INQUIRIES FOR 














ANY QUANTITY...ANY SIZE 


THE AMERICAN PLATINUM WORKS 


wr / , 
ACK MCT awa Manupactu IEW 


231 NEW. JERSEY R R AVENUE. 
NEWARK 5. N. 4 
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Zireonia 
Refractories 
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Z,[RCONIUM is not rare. Kreid 
> | . . 

estimates its occurrence jp ¢ 
earth’s crust as 10 times that 
zine and 100 times that of tin, 7 
con is found in sands of Austral; 
and India, and also in Florida. Th, 


latter material is finer and py 
but the refractoriness is about 4) 
same as for the former two. T| 


chief source of zirconia is a 
eral baddeleyite which occurs 
Brazil. Some zirconia is produc 
in the are furnace from zircon 

Zircon (ZrSiO,) starts t 
sociate at 3150° F. (1730° C.) 
ZrO., and Si0,; electrically fus 
material melts at about 4400°} 
(2430°C.) although the apparent 
melting point increases 
decrease in the rate of heating 
high temperatures, owing to pr 
gressive volatilization of sili 
Zirconia (ZrO.,) melts at 4900°! 
(2700° C.). : 

Thermal expansion of zire 
about the same as silicon carbid 
(carborundum), and somewhat iess 
than alumina. Values for zircoi 
are very erratic, due to crystal] 
inversion. Thermal conductivity 


both silicate and oxide is simi! y 
to quartz. 
Zircon resists thermal; shock 


well at temperatures below 3150! 
(1730° C.), the temperature 
which dissociation starts. Whil 
thermal shock of zirconia is usual W 
rated as “poor”, it may ! 
improved by partial or total stab 
zation of the crystalline structur 
Pure zircon bodies of the grog ty 
are satisfactory for use at 3400"! 
(1875° C.) under continuous ope! 
tion and, under certain conditions 
have been used as high as 3900'F 
(2150° C.). 

Bulk density of zircon Is # 
whereas zirconia is 5.5 to 6.0). 
work has been done toward dev 
opment of lightweight zircon brics 
and a 7-lb. brick was develop 
which had a deformation cf - 
at 2900° F. (1600°C.) under a | 
of 25 psi. Some zircon brick 
under the same condatio! 
deformed 4 to 6% when heated for 
30 min. at 3000° F. (1650 

(Continued on p. © 


* Abstract of “Zircon and Zirconis ST 
Refractories”, by C. E. Cu ane. ORG 
Thomas, Titanium Alloy \''£ be BE 

era! 


Paper before the Americ 
Society, refractories divis 
1947. 


BLAST FURNACE 


MANTLE 


Line if 
with “ 


Up 


STEEL SCRAP IS 

URGENTLY NEEDED. 

BE SURE TO TURN 
YOURS IN! 


FURNACE 


“National” carbon blocks have be- 
come the standard material for blast- 
furnace linings, for iron notches and 
cinder notches. And now, for real 
economy and efficiency, the trend in 
design takes the carbon-block lining 
up to the mantle. 
Here are the reasons: 


1, “National” carbon blocks last 
indefinitely. They have no melting 
point...are highly resistant to slag 
attack and thermal shock . . . are not 
wet by molten metal... have low 
thermal expansion . .. and maintain 
their mechanical strength at high 
temperatures. 


2. “National” carbon blocks are 


easy to install. One carbon block 


April, 1948; Page 569 





4TUYERES 
b # 








to the mantle... 
National“ Carbon 


takes the place of from 50 to 1000 
nine-inch firebrick, depending on 
the size of the block. This means 
fewer joints, sounder joints, faster 


installation, and lower cost. 


For more information on the use of 
“National” carbon blocks in blast 
furnaces, write to National Carbon 
Company, Inc., Dept. MP. 


These products sold in Canada by 


Canadian National Carbon Company Limited 


The term “ National” is a registered trade - mark of 


NATIONAL 
CARBON COMPANY, INC. 


Unit of Union Carbide and Carbon Corporation 
UCC) 
¥) Last 42nd Street, New York 17, N.Y 
Division Sales Offices: Atlanta, Chicago, Dallas, 


Kansas City, New York, Pittsburgh, San Francisco 











Pines Bender Simplifies 
Operation. . . Results in 360 Bends per Hour 


The PINES PRINCIPLE OF BENDING automat- 
ically produces uniform bends on a high pro- 
duction basis. On this job, three accurate 
bends are made in different planes without 
scratching the polished tubes at a production 
rate of 2 pieces per minute or 30 seconds 
for each piece. Prior production on other 
equipment produced less than one piece per 
minute. Each bend meets close tolerances, 
and in addition, less work is required of the 
operator. 


Accurate, Uniform 
Bends at Lower Cost 


Every Pines Bending machine has ample 
capacity and power to produce a full-range 
of bends and handle heavy-walled stock. 
Built-in adjustment features permit ready 
adaption and increased flexibility to all types 
of SERPENTINE BENDS, STACKED COILS, 
RETURN BENDS, ROUND COILS, SQUARE 
and RECTANGULAR TUBES, SPECIAL ROLLED 
ond EXTRUDED SECTIONS and other bent 
forms. Moreover, the Pines Bender is de- 
signed to produce bends to the accuracy 
required and without wrinkling. 


Pines engineering service will show you how 
to produce quality bends on a high produc- 
tion basis and at lower costs. A comprehen- 
sive breckdown of the profitable advantages 
of the Pines Bender as applied to each of 
your bending requirements will be sent with- 
out cost. Send us information os to type of 
materials to be bent, maximum and minimum 
diameter, radivs and degree of bend, etc. 





Write for your FREE copy of the NEW Pines Catalog . . . 
describing the PINES PRINCIPLE OF BENDING and the many 
Pines Benders . . . sent promptly when requested on company 
letterhead. 


BENDING PROFILING ©, » CUTOFF CENTERING 


BENDING 
PROFILING 


CUT-OFF 
MACHINES P INGE S ENGINEERING CO., Inc. 


>| ~~ Specialist in bt & stobetembied al 


672 WALNUT AURORA, ILLINOIS 
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(Continued from p. 568 

Zircon can be formed. into 
shapes best by casting, ramming, or 
dry pressing. A highly deflocculated 
slip has proven to be best for cast- 
ing thin-walled shapes; an under. 
deflocculated slip works most 
satisfactorily for pressing. 

Soluble salts in raw materials 
interfere with casting and care js 
taken to remove them from the raw 
materials before making batches. 
The slip is made with an organic 
suspension agent. Additions of clay 
to the casting body result in ‘ower 
corrosion resistance to aluminum 
and glass. 

In citing specific uses for zircon 
refractories, the following joints 
were brought out: 

1. Molten iron does not wet 
zircon and, therefore, does not 
attack it. Under oxidizing condi- 
tions, however, attack does occur 

-apparently ferrous oxide is the 
offender. 

2. Molten copper does not wet 
zircon, but attack is noticed finder 
oxidizing conditions. 

3. Aluminum does not wet zir- 
con, and dross may be removed 
easily when cooled. 

4. High specific gravity of zir- 
con prevents rise of particles in 
light metal castings when it is used 
as a mold material. 

5. Resistance to oo cor- 
rosion is good up to 1590°F. 
(800° C.). 

6. Zircon is very stable agains! 
hot, oxidizing acids and is being 
used in increasing quantitids by 
the chemical industries. Raschig 
rings made of zircon withktood 
500 hr. in boiling sulphuric} acid 
with no loss in weight, wlereas 
rings made of chemical por¢elain 
lose considerable weight. 

7. Other uses mentioned j were 
for melting frits and high ihickel 
alloys, roasting tungsten ore, kilo 
furniture, crucibles, infrared ;heat- 
ers, melting platinum, mplting 
stainless steel, and for gas tui bine 
engine parts to resist attack bj ash. 

Zirconia (ZrO,) does not} vola- 
tilize appreciably nor dissqciate. 
At approximately 1850°F., jhow- 
ever, zirconia undergoes a | apid 
mineral inversion which resujts in 
a large shrinkage. This invdrsion 
has prevented use of zirconia }! all 


->9 


[chi 
but small shapes. Partially plabr 
lized zirconia results in specimens 
with better thermal shock j.sist 

j 


ance than (Cont, on ] 




















Gall Your 
| Ste Distributor 


FOR COLD FINISHED BAR STEEL 













Typical distributor's stock of cold finished bar steel 


for Quick Service 








from Well-Assorted Stocks 
of High Quality Cold Finished Steel 


When you need cold finished bar steel located. He is equipped to make quick ing steel distributors throughout the 


need it in a hurry—call your deliveries to meet both your normal United States 








tridutor. and your emergency requirements For the name of the steel distributor 
H iT) “4 o 4 , ] 
re maintains complete stocks of cold J&L cold finished steel, in sizes, nearest you who stocks J&L Cold Fin 
bar steel in a wide variety of shapes and grades to meet your re ished Steel write to Room 405, Jones & 


i grades. He is conveniently quirements, is available through lead Laughlin Building, Pittsburgh 30, Pa 


Jones & LAUGHLIN STEEL CORPORATION 
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The first radiant- 
tube continuous fur- 
nace was built by 
Holcroft in 1936, 
and is still produc- 
ing efficiently. The 
furnace at right 
shows the simplicity 
of the Holcroft radi- 
ant-tube installation. 





ING 2 ose 
HEAT ee ame Applied by 
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in 1936 for 
LARGER FURNACE CAPACITY 
utth GREATER ECONOMY 


Introduced by Holcroft in 1936, radiant-tube heating 
of continuous furnaces solved the problem of constructing 
larger, more durable furnaces for controlled-atmosphere heat 
treating. Thisedevelopment made possible the high-produc- 
tion furnaces of today. 


As applied by Holcroft, this heating method offers the 
following advantages: 


* Gas, oil or electric firing may be used, whichever is 
most economical. 


™ Combination oil-gas burners are available, with 
quick changeover provided. 


® Holcroft burners are of closed-head design. Air and 
fuel are metered, and are progressively mixed as they 
pass through the tubes. This assures both maximum 
combustion efficiency and the uniform heating required 
for maximum tube life. 


The burner design permits floating control, with the 
same superior performance at all rates of heat input. 


™® All tubes are readily replaced without cooling the fur- 
nace; and electric heating elements are replaced without 
removing the tubes. 


These are but typical of the many advantages provided 
by Holcroft engineering leadership. Each Holcroft furnace is 
designed individually for its specific application, and com- 
plete metallurgical and engineering service are pro- 
vided. Thus Holcroft assures maximum over-all] economy 
in production heat treat furnaces for EVERY purpose. 
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6545 EPWORTH BLVD. DETROIT 10, MICHIGAN 
CHICAGO 3 CANADA HOUSTON 1 
C.H. MARTIN. A. A. ENGELHARDT WALKER METAL PRODUCTS. LTD R_E MCARDLE 
1017 PEOPLES GAS BLDG. WALKERVILLE, ONTARIO 5724 NAVIGATION BLVD 
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(Starts on p. 568) —unstabilized or 
thoroughly stabilized zirconia; 4 
specimen of stabilized zircdnig 
withstood a load of 25 psi. up to 
4000° F. (2200°C.), when failure 
occurred. The authors believe that 
stabilization was probably ‘the 
result of solid solution of the “sta- 
bilizer”. Less magnesia than lime 
was necessary to effect a particular 
degree of stabilization, but lime 
was preferred, because magne- 
sia apparently volatilized during 
extended use at high temperatures, 
The best heat shock properties have 
been obtained on bodies containing 
8 to 12 mol per cent of calcium 
oxide. Chemically, zirconia is 
acidic and reacts with basic mate- 
rials. Zirconia reacts with silica at 
high temperatures, but it may be 
used as a refractory for holding 
SiO, in the manufacture of fused 
silica objects. Its largest use is for 
crucibles. 

Zirconium oxide is usually cast 
in a form 99% pure. It is harder 
to cast than zircon. Crucibles and 
tubes may be made up to 4 in. in 
diameter and 15 in. long. Special 
nonmineral binders are used. 





Carbon Hearths* 





HILE the use of carbon as a 
refractory is relatively new, 
this material has many favorable 
properties: 
1. Carbon and graphite are not 
wetted by molten iron or slag. 
2. Thermal expansion is less 
and more uniform than that of 
fireclay. Carbon expands about the 
same amount from room tempera- 
ture to 2500° F. as fireclay does to 
1500° F. 
3. Its thermal conductivity 
decreases at high temperatures 
while that of fireclay increases. 
The statement was made that car- 
bon can be processed to have 
thermal conductivity values rang- 
ing from 1 to 3 (British units), 
while graphite can be made with 2 
thermal conductivity value up ‘0 89. 
(Continued on p. 574) 


* Abstract of “Carbon as a Kef 
tory Material”, by F. B. Th 
Great Lakes Carbon Corp. 
before the American Ceramic 
refractories division, October 1 
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In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited *« Montreal* * Toronto* * Vancouver® 
SETTING 


HEMICAL 





¥ You can save time . . . effort . .. money in 
your laboratory work, when you obtain your 
month-to-month chemical requirements from a 
single source. Remember—more than 1,000 
purity products of Reagent A.C.S., C. P., 
U.S. P., N. F. and Technical grades are listed 

in the 200-page B&A products book. Use it as 


your buying guide. For free copy, write the 
nearest office listed below. 


2 The primary requisite of a reagent is 
purity. Since 1882, B&A Reagents have been 
recognized as “setting the pace in chemical 
purity.” They always meet or exceed A.C. S. 


specifications—the purity standards set by 
the chemical profession itself. 


3 Extensive stocks of B&A Reagents are 
carried at General Chemical’s own chain 
of distributing stations strategically lo- 
cated throughout the country. Stocks at 
the station serving you can be built to sup- 
ply your special needs readily, rapidly 
and regularly. Just outline your require- 
ments to your B&A Salesman. 


This three-way personalized service by 
B&A can help make your laboratory 


procedure more efficient .. more pro- 
ductive. Arrange for it now by writing 


or phoning the nearest office below. 


BAKER & ADAMSON Aaegexie 


ALLIED CHEMICAL & DYE CORPORATION 

=eanweweneewnn40 RECTOR STREET, NEW YORK 6G, 

or Offices: Albany® © Atlanta * Baltimore * Birmingham*® * Boston® © Bridgeport * Buffalo* © Charlotre® 

Chicago* © Cleveland* ¢ Denver* * Houston * Kansas Ciry © Los Angeles* 

New York® © Philadelphia*® © Pictsburgh® © Portland (Ore.) © Providence® © St. Louis® © San Francisco*® 
Seattle * Wenatchee (Wash.) © Yakima (Wash.) 


Yr owe ee oe & 


* Minneapolis 


PURITY 4 82 


* Complete stocks are carried here. 
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A side view of the 
Hagan Automatic Heat 
Treating Unit 


an | automatic 


HEAT TREATING FURNACES 





The Hagan Automatic Heat Treating Unit pictured above 
provides automatic movement of product through a harden- 
ing furnace—a completely automatic quench—and a draw 
furnace. 


The product and treatment range of this unit is almost 
limitless since it handles irregular sizes, shapes and weights 
of forgings, either simultaneously or in sequence with 
uniform heat treating results. Carrier trays or fixtures are 
not quenched during the process. Labor requirements 
consist of only a two-man crew. Fuel can be oil, gas or 
electricity. 


We'll be glad to discuss the application of these fully 
automatic heat treating principles to your requirements. 









4 
The discharge [iim e 
end of the Draw i aa 
Furnace of the 
Hagan Automatic 
Heat Treating 
Unit showing the 
treated product 
emerging. 


GEORGE J. HAGAN CO. 
PITTSBURGH, PENNA. 
Detrott - Los Angeles - Chicago * San Francisco 
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Carbon Hearths 





(Continued from p. 572) 

4. Graphite does not melt but 
sublimes slowly, in the absence of 
air, at about 6500° F. 

5. The compressive strength of 
carbon and graphite ranges from 
3500 to 7000 psi. at room tempera. 
ture, and this high strength is 
retained, under reducing condi. 
tions, at temperatures up to 3500° F. 
Fabrication of carbon is relatively 
easy. It can be obtained in sizes 
ranging from minute shapes to 
blocks 2x2%x16 ft. 

Carbon lining in the hearth of a 
blast furnace was used first in Ger- 
many. By 1932, 85% of Germany's 
pig iron was made in furnaces in 
which some carbon refractory was 
used. Carbon seems to be a “natv- 
ral” for blast furnaces in Germany 
owing to severe slag attack on their 
fireclay refractories, made _ with 
available raw material and _ proc- 
esses. The Germans used carbon 
paste for lining walls but without 
too much success for it could not 
be baked in. They ended up by 
using carbon block linings. There 
was no carbon “mortar”, so it was 
standard practice to break joints 
in the construction. The only seal, 
if more than one layer of carbon 
was used, was a ramming mix high 
in carbon between the two; this 
was also used between the carbon 
blocks and the outer steel shell. 

General acceptance of carbon in 
the United States as a blast furnace 
refractory started about 1945. Some 
carbon paste bottoms have been 
tried. Cracking of such _ bottoms 
apparently was prevented by 
weight of the charge so that any 
shrinkage was confined to a vertl- 
cal direction. The bottoms were 
extended under the wall with pre- 
formed carbon blocks; this pre 
vented any undermining of the 
bottom which might occur from 
fireclay erosion and confined the 
paste bottom during its application 

Some of the structural and eco 
nomic considerations that point 
toward the utilization of carbon 
blocks in the blast furnace are 

1. High structural strength 

2. Low heat losses 

3. Cheaper construction costs 

4. Preventing any salamander 

5. Longer operational |! 

6. Less downtime for ré airs. 

A number of different ‘esi? 
of carbon-lined furnaces w: dis 
cussed. The first (Cont. on ». 576) 
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@ For years, Simonds has specialized 
in the production of steels capable of 


How many times have a Foe, developing exceptional edge-holding 
you carried heavy work ~4 - 
to the Brinell "Tester? ee = qualities. If your product requires a 
Too oft "ul = ai ; : , 

‘Here on 26: x we fal as high-grade steel, specify Simonds. 
able tester you can easily , 
take to the work and save Tool Steels 
time and trouble by doing 

our Brinell work on the & f ! 
fo “The K Kine Portable ve . Permanent Magnet Steels 
rinell puts an actual Sa. * Py} ] ] All 
load of 3600kg on a 10mm Prd . Invar and High Nickel si 
ball. It can be used in \ Heat Resisting Alloys 
any position. 

The test head is remov- 
able for testing larger i = Engineering data and design assistance 


pieces beyond the capac ° 
ity of the standard base. Threat—4" deep. Gap—10* high available to interested manufacturers. 


Weight —26 Ibe, . bI 
. r cific probiem. 
Let us show you how we can lighten Write us regarding your specific p 


your Brinell testing. 


a SIMONDS 


SAW AND STEEL CO. 
hepa 
LOCKPORT, N.Y. 
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switches to die casting 
for better products at lower cost. 






































Westinghouse engineers faced a 
tough job! Lackof copper held up 
production of badly needed refrigerator motors. 
H-P-M machines licked the problem by high-speed 
die casting of motor rotors—two at a time—using 









aluminum instead of copper. Westinghouse gained 





three ways—a better product... less labor... lower 





material cost—and gave the motor industry a better, 





less expensive way to higher production. 





While stamping and machining operations may 





have an extremely important place in your manu fac- 





turing, many components can be die cast faster, better 
and at less cost. Why not investigate the possibilities 
for your products? Regardless of weight or size, die 
casting may be the answer. Write today or call in a 
nearby H-P-M engineer for a frank appraisal of die 







casting possibilities in your plant. 











THE HYDRAULIC PRESS MANUFACTURING CO. 
1058 Marion Road @ Mount Gilead, Ohio, U. S. A. 


Branch Offices in New York, Cincinnati, Cleveland, Columbus, O., Detroit, 
Pittsburgh and Chicago. Representatives in other principal cities. 
Export Dept: 500 Fifth Avenue, New York, N. Y. Cable—''Hydraulic’’ 


Bulletin 4805A shows how H-P-M Die Casting Machines ‘ | 
save you time and money. Write today for your copy. 


ALL-HYDRAULIC 


SELF-CONTAINED DIE CASTING MACHINES 


REVOLUTIONIZING PRODUCTION WITH HYDRAULICS SINCE 1877 

















Metal Progress; Page 576 








ap 


Carbon Hearths 
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(Starts on p. 572) design was Ger. 
man, and consisted of bottom and 
hearth lined with carefully 
machined blocks. The blocks were 
laid up dry, or with a thin clay 
mortar; the seal between the blocks 
and the steel shell was also a clay 
ramming mix. Another design, pre. 
sumably American, consisted of a 
carbon block bottom with wide. 
rammed joints of a carbon paste, 
and a two-course carbon hearth 
wall with carbon paste between 
courses. Vertical wall joints were 
of rammed carbon paste while 
horizontal joints were a thin, car- 
bonaceous cement. Semigranular, 
tarred coke breeze was used 
between the blocks and shell. 

Designs of composite walls were 
also presented. These consist of an 
inner course of carbon block and 
an outer course of fireclay brick. 
In the author’s opinion, this could 
lead to a large number of designs 
by varying the thicknesses of the 
courses over a wide range. One 
specific design consisted of an 
inner wall, single course, of carbon 
blocks 15 in. thick. This was backed 
with 4% in. of carbon paste which 
was separated from the shell by 
12 in. of fireclay brick. He esti- 
mated that the temperature of the 
steel hearth binding would not 
exceed 400° F. with this design, 
while the furnace was in _ Dlast 
even with nothing but normal con- 
vection cooling of the hearth. The 
heat loss was about 950 B.t.u. per 
hr. per sq.ft. The author also stated 
that this composite wall would 
have less stress than a wall of one 
material, as the difference in ther- 
mal expansion of the two materials 
was offset by the difference I 
operating temperature. 

The designs for the use of car- 
bon block have not as yet bee! 
standardized, anc vary from all- 
carbon block walls to relatively 
thin inner walls of carbon, backed 
up with fireclay refractories. A‘ 
yet, little is known of the life of 
such blast furnace linings under 


conditions of operation in this 
country. The Interlake Steel Co. bas 
had a carbon installation in one ©! 


its furnaces at Duluth for a period 
of two to three years; there have 
been no indications, based 0 
operating conditions, that !he lin- 
ing has deteriorated or failed ™ 
any manner. One point of uncer 
tainty is the effect of long riods 
of banked fires. (Cont. on ». 9/° 
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From the metal stock to the finished heat 
treated product Loftus serves the Metal- 
lurgical field with a complete line of — 


HEAT TREATING EQUIPMENT 


Consult Loftus for a single furnace 
or an entire plant. 


CAMPION FURNACE DIVISION 
» A intial 





PEE LO RTUSAENGINEERIN GE 


/ 
Designers and Builders orfotation Engineers, Consultants, Contractors 
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DIE CASTINGS 


Are Made in a 
Modern Plant Using New Equipment! 


One corner of our up-to-date plant is shown above. Here we use all new equip- 
ment to furnish our customers with work of advanced design and precise manu- 
facture. Up-to-the-minute methods assure economy and service on large or small 
zinc alloy castings. Let us quote on runs of any length from 1000 upward. 





KENT CASTINGS CORPORATION 


201.GARDEN STREET S.€ . . . GRAND RAPIDS 7, MICHIGAN 








JOHNSION 


CAR TYPE 


FURNACES 


DESIGNED for MORE EFFICIENT HEATING 


JOHNSTON “Reverse Blast” 
Low Pressure Burners assure 
clean, efficient heat. JOHNS- 
TON Valveless Automatic Con- 
trollers provide accurate regula- 
tion of fuel to produce even 
furnace temperature. 


Oil or gas fired. Ample cham- 
ber above top of charge for equali- 
zation of gases. Streamlined 
designed. Heavy steel frame steel- 
cased construction. Roller bear- 
ings for car axles and door hoist 
shafts. Many other practical 
features. 


Write for Bulletin M-240 Double End Furnace 


ena } MANUFACTURING CO 
JOHNSION JOHNS 8) | 2825 EAST HENNEPIN AVE 
A MINNEAPOLIS 13. MINN 


ENGINEERS & MANUFACTURERS OF INDUSTRIAL HEATING EQUIPMENT 
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(Abstract starts on p. 572) 

Trials were made in the United 
States based on German practice 
These were soon modified by intro. 
ducing a double-wall constructioy 
and breaking joints in the walls 
Floors are laid with broken joints 
and 2-in. spaces between the ends 
of blocks, which are filled with 
carbon paste rammed into place 
The floor consists of a single layer 
of blocks. Sidewalls are general; 
23 to 30 in. thick. 

Present American practice is { 
use outside walls of fireclay brick 
and line the inside with carbo 
blocks. Carbon paste is put betweep 
the two. This minimizes the stress 
differences between the fireclay 
and carbon. Such a wall passes 
about 900 B.t.u. per hr. per sq.ft 
whereas a full carbon wall con. 
ducts 2000 B.t.u. Thin walls have 
also been built with a fireclay outer 
wall about 12 in. thick, lined inside 
with 15 in. of carbon. 





HH Alloy Castings’ 





HE “HH” type castings, contain- 

ing approximately 25% chro 
mium, 12% nickel and 0.3) 
carbon, normally constitute about 
one third of all heat resistant cast- 
ing production in this country 
None of its properties such 4 
creep or oxidation resistance 3 
outstanding, but under many col 
ditions.this alloy can provide the 
maximum ratio of useful service 
life to original unit cost. 

HH compositions can Vary 
within the normal limits 
A.S.T.M. specification B190-45T « 
produce two distinct types: Type | 
whose microstructure contains sub 
stantial amounts of ferrite and has 
maximum magnetic permeability 
1.70; and Type I which is almos 
entirely an austenitic alloy wl! 
maximum permeability of 1.09. 

Type I is frequently favored for 
such miscellaneous operating ¢o 
ditions as are subject to 
changes in temperature level a 
applied stress. (Cont, on p. 


b 
posslvr 


*Abstracted from “Hea Resist: 
ant Alloy Castings of tie. 
(25-12) Type”, by E. F Wilson 
Alloy Casting Bulletin, No. » 
December 1947. 
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CARBURIZING COMPOUND 


Zor Low Dusting L044 


thes Char Carburizers have a very low dusting loss 
because of the high wear resistant properties of the 
heavy carbon shell and the fact that the energiz- 
ing material is sealed within the particle in such « 
manner that it cannut escape. 


uter 
side 
CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND 





Columbia 


poerte) Myra 
NO SHORTAGE— 


Columbia, Tool Steels can 
be purchased for immedi- 
ate delivery from ?— 
large stocks oF from Mi 

without unusual delay. 


— And at no price premium. 














COLUMBIA TOOL STEEL COMPANY 
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Write for your free copy of the new Heroult Catalog. 


Y 
GANTRY-TYPE 


ELECTRIC MELTING FURNACE 
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Roof 
pit, 


moves over 


tapping eliminating 


reflected heat on operating 


platform. 


AMERICAN BRIDGE COMPANY 


General Offices: Frick Building, Pittsburgh, Pa 
BALTIMORE +« BOSTON CHICAGO CINCINNATI 
CLEVELAND - DENVER DETROIT DULUTH 
pINNEAPOLIS NEW YORK «+ PHILADELPHIA ST. LOUIS 
Columbia Steel Company, San Francisco 
Pacific Coast Distributors 


t nited States Steel Export Company, New York 
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“Brake Shoe Research serves you today and anticipates tomorrow’ 


Wm. B, Given, Jr.. President 





Preparing specimens for X-raying 
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CASTINGS sy BRAKE SHOE 
of A B ® Metal 











| f abrasion resistance and wear resistance are the prime requirements 
in the castings you use ... ABK Metal provides the answer. This is 
especially true since ABK Metal is backed by American Brake Shoe 
Company’s vast practical knowledge of metals and foundry techniques. 
ABK Metal castings are subjected to the production controls of 
chemical analysis, hardness and mechanical testing, each of which 
is important. But the important key to their serviceability is struc 
tural control accomplished by fundamental microscopic and X-ray 
diffraction techniques. Careful piloting in a full-sized experimental 
foundry is followed by periodic checking in the production foundry 
to insure sound castings free from injurious internal stresses. 


We welcome inquiries on any phase of your need for castings 
whether of ABK Metal (wear resist), Gray Iron or Meehanite® as 
made by Brake Shoe. 
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HH Alloy Castings 
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(From p. 578) A plastic extensio 
of the ductile ferrite under load 
may decrease stress concentrations 
with less likelihood of early rup. 
ture failure. Type I is also bette; 
adapted to resisting fracture due } 
sudden overloads by yielding 
slightly under these stresses.  [t jg 
preferred where thermal stresse< 
will be encountered, since it has , 
greater capacity for “relaxation” 

Type II has better creep and rup- 
ture strength than Type I and js 
favored for applications where th, 
load and temperature conditions ar 
steady. Fully austenitic alloys result 
when the composition ratio —16C 
is kept below 1.7. (Formula mogul 
tudes are per cent of the respective 
elements in the analysis.) Progres- 
sive reduction of ductility to frac- 
ture under load at temperature is 
characteristic of both Type I and 
Type II. 

Room temperature ductility is 
reduced quite rapidly by heating 
at around 1400°F. Sigma phase 
forms in HH alloys at about 
1600° F. Both these embrittling 
effects may be corrected by reheat- 
ing to above 1800°F. Normally 
these alloys are not heat treated | 
any way by the supplier. 

HH castings are fully oxidati 
resistant up to at least 1800°F 
Oxidation is not accelerated undu! 
by the sulphur contents usually 
encountered in industrial gases 
to 100 grains per cu.ft.) in either 
the oxidizing or reducing form 

Alloying additions of colu 
bium, titanium or molybdenum a! 


not usually made to HH _ alloys 
2ege lL, 
Silicon should be kept below th 
specification limit of 1.75° but 


on the high side of the range 1.25! 
1.50%, silicon is a help in resisting 
carburization. Nitrogen acts in the 
same direction as nickel and car 
bon to stabilize the austenite, ane 
is frequently added when a Type! 
specification is required. 
Considerable information 
given in the paper on cree), stress 
rupture, short-time physicals a? 
permissible design stresses 
C. T. Evans, Jr. 
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used in every hoskins furnace 


One thing you get from Hoskins electric furnaces is good, dependable 
performance . . . thanks to durable CHROMEL heating elements. 


CHROMEL, you know, is the original nickel-chromium resistor wire .. . the 
TYPE FR-206, 207, 208 TYPE FR-251 
wire that first made electrical heating practical. As the most vital part of BOX FURNACE BOX FURNACE 


every Hoskins furnace, it's your best assurance of satisfactory service. 


Next time you're in need of good electrical heating equipment, get the ; o { . 
facts on Hoskins’ line of CHROMEL-equipped furnaces . . . for heat Tt ‘ ) | 
‘ 


treating operations as well as laboratory work. Complete technical } 


information is contained in our Catalog-59 .. . want a copy? 


TYPE OR-.104 ; TYPE FR POT FURNACE 
POT FURNACE 


HOSKINS MANUFACTURING COMPANY 


N AVE e DE ( 
~ 
t 


| Heati-; Element Alloys * Heat Resistant Alloys * Thermocouple Alloys * Spark Plug 
Electrode Wire * Special Alloys of Nickel * Electric Heat Treating and Laboratory Furnaces 
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CERIUM METAL (MISCHMETAL) 


C C CERIUM Metal (Mischmetal) GCC Brand 

™ contains a high percentage of Cerium Metal — 
between 50-55% . . . Has a very low and 

BRAND uniform iron content — about 1% .. . Is 
practically free from impurities and enclo- 
sures. 
This pure and uniform composition — steadily 
checked by our laboratory — is a very essen- 
tial factor in many metallurgical applications. 


®@ Are you seeking to better the metallur- 
gical or mechancial properties of your 
products? Our technical staff will gladly in- 
vestigate how the use of Cerium Metal — 
GCC Brand — will help improve your metal 
products. For experimental purposes, we shall 
be pleased to send you a sample of our 
Cerium Metal Cubes. 


Visit our Booth No. 335 at the American Foundrymen's 
Association Show — Philadelphia — May 3-7, 1948 


GCC mee 


EDGEWATER, NEW JERSEY 














Precipitation* 








Continuous pusher type hardening furnace, automatic quam, and 
continuous belt conveyor type draw furnace 


DEMPSEY INDUSTRIAL FURNACES 


GAS + OIL + ELECTRIC 
CUT COSTS—SPEED PRODUCTION—IMPROVE QUALITY 


Incorporating the most modern labor-saving devices for handling materials, 
Dempsey Furnaces are designed and built to the individual requirements of 
industry. Proven through years of efficient performance, they offer advantages 
found only in ‘*Tailor-made” installations. 

Precision automatic controls insure uniform temperatures and specified heating 
cycles within the work — eliminate warpage and distortion — improve quality — 
and increase production through less spoilage. 

Send us your problems — a nearby Dempsey Engineer is available to help solve 
your heat treating requirements for ferrous or non-ferrous — cast, forged. — 
or stamped sneha gante. 


BATCH — CONTINUOUS — SPECIAL ATMOSPHERE — MELTING 
Before deciding, investigate 


Write Dept. 3 FURNACES: Gas-Electric-Oil-“ TAILORED” by DEMPSEY 
Meet every Heat Treating Need 


EMPSEY INDUSTRIAL FURNACE CORP. 
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ECENT X-RAY and _ metallo- 
graphic studies have shown that 
there is a correlation between the 
two types of precipitation (con- 
tinuous and discontinuous) that 


are frequently mentioned in the 
literature on age-hardening alloys, 
When discontinuous precipitation 
occurs, it generally starts at the 


grain boundaries and proceeds into 
the grains; the original lines on the 
X-ray spectra decrease in intensity 
and, at the same time, new lines 
corresponding to the stable solid 
solution appear and increase in 
intensity until the lines of the orig- 
inal solid solution disappear. In 
the continuous type, the precipitate 
is distributed throughout the grains 
on particular crystallographic 
planes, with little regard to grain 
boundaries. In this case, the X-ray 
diffraction lines gradually move 
from their original positions cor- 
responding to the supersaturated 
solid solution to new positions cor- 
responding to the equilibrium com- 
position at the aging temperature. 
Considerable strain is present in 
the supersaturated solid solution 
during the process of discontinv- 
ous precipitation, and little or no 
strain is present when continuous 
precipitation occurs, since in the 
latter type the precipitate is in the 
form of rods or plates which are 
formed at high temperatures when 
the alloy is soft, or after prolonged 
time at low temperatures when 
considerable softening has set in. 
Either or both of these types of 
precipitation may occur, depending 
on the temperature, time, and 
degree of supersaturation. At low 
temperatures of aging, discontinu- 
ous precipitation occurs, but, as the 
solid solution becomes more [rap- 
idly depleted of the precipitating 
phase with time of aging, a critical 
degree of supersaturation !s 
reached within that solid solution 
—or parts of it—-whereby con 
tinuous precipitation is favored. 
This consideration is of some prac 
tical importance since it indicates 
that at constant aging temperature 
an alloy of low solute concentra 
tion will reach the critical super 
saturation sooner, and hence will 
overage sooner, than an a/loy of 


higher solute concentration There 
is a temperature (Cont. on ! 584) 


* Abstracted from vSome Thoughts 
on Precipitation”, by M. L. V. Gayle, 
Journal of the Institute of i als, 
73, Part II, 1947, p. 681-691. 
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| THERMOCOUPLES + QUICK COUPLING CONNECTORS 












] \ 
a Protection tubes of proper alloys — Ease 
of maintenance—trugged construction— 
f simple design. These features, incorporated 
in our assemblies, provide maximum thermo- 
couple efficiency under the severe condi- 
tions of pot furnace operations. 

Thermocouples are rapidly connected to 
pyrometer lead wires with Quick Coupling 
Connectors of thermocouple material. Flexi- 
ble metal armor on thermocouple lead gives 
added protection and longer life. Assem- 
blies with split eloows are available. 

For operating temperatures above 1600°F., 
we recommend our Chromel Alumel Wire 
Thermocouple; below 1600° F., our Tubular 
or Wire Type lron Constantan Thermocouple 
Furnished for all standard calibrations. 
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Let our Engineering Department assist you with your 
next thermocouple problem. Or, write for our 28-page 
General Catalog describing: 


LEAD WIRES +» PROTECTION TUBES + ACCESSORIEs 


ermnoO ELECTRIC CO. 








FAIR LAWN. N.J. 





ANGLE THERMOCOUPLES QUICK - ACCURATE: 


for POT TYPE FURNACES 


AMES 


OR Rockwell hardness testing 

of round and flat stock, tub- 
ing, wire and various parts and 
materials up to 4”, portable Ames 
Hardness Testers are taken to the 
work and tests are made without 
cutting off specimens. 

Send for 12 page catalog 


PRECISION MACHINE WORKS 


WALTHAM ~~ +) ae” 








NO OTHER HIGH SPEED STEELS 
Give you ALL these advantages 


MO-MAX was the first of the modern molybdenum 
high speed steels. Since 1933 it has been widely used 
in all types of cutting tools. 


2 MO-MAX has superior cutting qualities. 
3 The machinability of MO-MAX is unexcelled. 


MO-MAX is economical. Its specific gravity is about 
8% less than that of 18% tungsten steel. 


MO-MAX is available in a standardized composition; 
also in cobalt and high vanadium varieties for special 
high speed steel requirements. 

LEARN ALL THE FACTS! Send for your copy of the MO-MAX Hand- 


book, seventh edition. Get the full story about this remarkable 
steel, including easy-to-follow instructions on heat treating. 
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WARREN PETROLEUM CORPORATION 


TULSA, OKLAHOMA 























STANWOOD RETORTS 


© SERVICE LIFE UP 22 mach as 100% 
© PRICE DOWN ae mack as 24% 


The fabricated retort shown has proved its 






long service life in tests covering three years. 
Yet its price is 24.4% less than the model it 


replaced. On a cost per-hour-of-service basis, 


When you put Stanwood Retorts to work, you 
get far longer service life over ordinary all- 


plate or all-cast retorts . . . users report as 


much as 100% more. Fabricated from alloy Stanwood Retorts give you maximum econ- 


plate and castings by Stanwood's advanced omy. Send for Catalog 16 on Stanwood re- 


methods, they have extra strength and den- _torts, baskets, trays, carburizing boxes and 


sity of material where it is needed. fixtures. 


BASKETS FIXTURES QUENCH TANKS RETORTS 


TRAYS 


CARBURITING 
BOXES 





4817 W. Cortland St. 


Chicago 39, Ill. 
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Precipitation 





(From p. 582) of aging which is 
associated with a critical degree of 
supersaturation. At or above this 
temperature continuous precipita. 
tion sets in and below this tempera. 
ture discontinuous precipitation 
will precede the continuous type, 
even if only for a short time 

Strain present in the solid soly- 
tion during discontinuous precipi- 
tation is only relieved by the 
breakup of the matrix. Studies on 
Al-4% Cu alloys show that this is 
associated with the formation of 
areas of crystallites of the new 
solid solution and may be respon- 
sible for some anomalies observed 
in X-ray photograms. After the 
relief of strain during the earlier 
stages of aging, these crystallites 
are either too small or are present 
in too small a quantity to cause a 
shift of the X-ray diffraction lines. 

The amount of strain present 
and the manner in which it is 
relieved is related to the relative 
atomic diameters of the solute and 
solvent. Where the solute atoms 
are smaller than the respective 
solvent atoms, there is a tendency 
to form aggregates of the solute 
atoms in the early stage of aging, 
and marked strain hardening 
occurs. When the solute atom is 
larger than the solvent, little or n 
strain hardening is detected in the 
early stages of aging because very 
few platelets of precipitate are 
formed. Only when their number 
has increased considerably will an 
increase in hardness occur. 

Amount and type of precipita- 
tion occurring in an age hardening 
alloy may have a great effect 0! 
other metallurgical problems such 
as stress corrosion and creep. 





Turbine Disk Alley’ 





AN OUTLINE of the developmen 
** of the British heat resistant steel 
known as G.18B material ts pre 
sented. This material combines the 
properties of good creep and rup- 
ture strength with adequat: luctil- 
ity at fracture (Cont. o1 Se 


*Abstract (by C. T. Evans, Jt.) 
of “High-Creep Strength Au-tenite 
Steel for Gas Turbines”, by D. 4. 
Oliver and G. T. Harris, re before 
the West of Scotland Iron Steel 
Institute (Engineering, June ~’, 1947, 
p. 533). 









LO THE QUALITY NAMES IN ALLOY 


FOR HEAT CORROSION ABRASION D.Gtes 


ACCOUNTABLE AFTER THE FACT! 


G. A. Research is developing means 
of improving the fatigue resistance of 
heat resistant alloys — methods that add 
slightly to cost but greatly to service life. 


neering an industry, the cornerstone of our policy has been 
countability after the fact”. Our reputation has been built on 
what people think of Q-Alloys and X-ite after use for we know 
that repeat orders come from the ultimate ser®ice life of our 
duct and not from its first cost. 


would rather “save” 5 to 15% on the first cost of your 


equipment than spend the price of General Alloys’ 
a ten-to-one return on the difference, it is, of course, 
you're spending and it will serve you as you direct it. 


customers are again keeping track of their heat-hour 
trays, fixtures, furnace parts and solution parts and 


ys’ sales volume is moving upward well ahead of 


ces as shown are typical of many hundreds where 
long-life service of General Alloys’ products 
ven the wisdom of “the best is ultimately cheapest”. 


have 
The time 
judge the cost of your alloy is AFTER THE FACTS OF 
SERVICE HAVE BEEN COMPARED WITH THE BAIT 


PRICI 


Pernts on Easter Bonnets 


ist 


t we met a male designer of ladies’ hats (baritone). 

e bragged, “watch the Easter Parade and classify 

their wives’ bonnets. Technical men, generally, 

gists, particularly, have a dampening effect on their wives’ 

headgear.” He was writing a list of “Ten Command- 
Millinery” for his press agent. Here are a few: 

\\ 


Wve 


ar hats that do something for you—not to you 


hat can lie like a trouper about a woman’s age 


Don't wear hats so startling that they draw male atten- 


n irom your other assets (if you have any). 


e hats to please men or, better still, one good man 


ou take up hat designing?” we asked. “Pure frus 
answered. “I was a dress designer but I just couldn't 
ipes my masterpieces got onto The bumpy 
babes who spend the dough can’t begin to louse up 
ey can a dress Anyway, I’m giving the 
and maybe a laugh, when I raise their eyes above 
right! if only for Easter. 


rtisement of General Alloys Company, Boston, Mass., 
thees in principal cities. “Oldest and largest exclusive 
ot heat and corrosion resistant castings.” 








Turbine Disk Alloy 





(Cont, from p. 584) and retention of 
impact resistance. It has been 
widely used for the rotor disks of 
British jet engines and is coming 
into use for rotor blades as well. 
[Some heats have already been 
made in America and forged into 
turbine disks. ] 

Steel G.18B resulted from test- 
ing a series of modifications of 
British G.2 valve steel containing 
0.40% carbon, 13% nickel, 13% 
chromium and 2.5% tungsten. It 
was found early in the war that an 
addition of approximately 0.15% 
columbium to the valve steel pro- 
duced a striking effect in eliminat- 


ing loss of impact value after long 
soaking times at 1200°F. This 
encouraged work, at the research 
department of William Jessop & 
Sons, Ltd., in Sheffield, on larger 
percentages of columbium to pro- 
duce higher ductility to fracture, 
concurrent with high creep 
strength. Cobalt was also found to 
have a beneficial influence; molyb- 
denum likewise promotes high 
creep strength. The final composi- 
tion adopted for G.18B was 0.40% 
carbon, 0.80% manganese, 1.0% 
silicon, 13% nickel, 13% chromium, 
10% cobalt, 2.5% tungsten, 2.0% 
molybdenum, 3.0% columbium. 

It was discovered that melting, 
heat treating and forging practices 
had profound influences on the 
properties. A very high solution 
treating temperature of 2375° F. is 
used for most (Cont. on p. 588) 


High-Temperature Properties of Steel G.18B 








| STRESS FOR 

Temprra-| STRESS, Pst ENDURANCE ENDURANCE | SECONDARY 

eURE FOR RUPTURE IN LIMIT, Pst. LimIT, Psi. x 10? | CREEP OF 
1000 HR (ZERO MEAN STRESS) | TENSILE MEAN STRESS)! 1% IN 

10,000 Hr. 
1112° F. 44,800 40,300 44.8 + 19.0 33,600 
1202 35,840 33,600 31.4 + 22.4 22,400 
1292 25,760 29,100 26.9 + 188 18,350 
1382 16,800 22,400 20.2 + 19.5 11,500 
1472 12,770 19,050 13.5 + 12.8 9,200 
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“You'll Always 
Know with a 


GORDON 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere Indico- 
tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so thot 
quick necessary adjustment can be made. 
It works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the relo- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results con 
be obtained with shop or non-technical 
personnel. 

Where oa continuous record of atmos: 
phere readings is required, the indicator 
can be co-ordinated with a recorder. 

You can't afford to be without this in- 
strument any longer. 


Price, complete with U-tube 00 

and Sample Filter, 110 V, 60 C, $335 
Write for descriptive bulletin 

for full information. 

Refo}-1 Jo] F 

$< SERVICE. >: 


CLAUD S. GORDON CO. 


Specialists for 34 years in the Heat ' eating 
ond Temperature Control Fie 

Dept. 15 3000 South Wallace $t., Chicog 

Dept.15 7016 Euclid Avenue, Clevelan: 5 one 
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BRYANT 


F. R. BURNERS 


Tightly hold flames at very 
high mixture pressures using 
any industrial gas fuel. 


SIZES: %" TO 6” FOR ALL TrPEs OF 


OPEN PORT FIRING 


Write INDUSTRIAL DIVISION 
BRYANT HEATER COMPANY 


1070 LONDON RD. + CLEVELAND, OHIO 








-for ALL-PURPOSE 


and for 























For the first time in book form... all the latest 
developments in 


ppotoclasticlty 


are given in Vol. Il, 
just published — 


Written by Max M. Frocht, Research Professor 
of Mechanics and Director of Experimental 
Stress Analysis, Illinois Institute of Technology 


P This second volume of a treatise on the subject deals with the advanced 
theories and techniques of photoclasticity. Clearly and simply written, 
the book is divided into three parts. 

P Part I answers the fundamental question regarding the influence of the 
physical constants of the materia! on the stress distribution 

P Part Il covers methods of two-dimensional photoelasticity. Of particular 
interest to the engineer and physicist will be the chapters which dea! 
with the numerical solution of Laplace's 
equation. This discussion coters into many 
other branches of engineering and physics, 
such as heat transfer and electricity 

P Part Ill deals exclusively with three-dimen- 
sional phoroelasticity. It covers theoretical 
principles, methods, and practical applica- 
tions to stress concentrations. 

Vol. Il — 1948 $06 pages $10.00 
Vol. 1 — 1941 411 pages $6.50 


ON APPROVAL COUPON @ 











a | bs 
JOHN WILEY a SONS, INC. 


r eS ee aE ae a a 
440 Fourth Ave., New York 16, N. Y. 


Please send me, on ten days’ approval, e copy of Frocht's PHOTO- 
] ELASTICITY. if | desire to keep the book(s), | will remit price plus 
book(s 


postage, otherwise | will return ) ; 
i LL) Volt $6.50 T} Vol. $10.00 
—e a a a a 
ING Lo ucantinvacouas siciertiuidasisentmadaciaedascess I 
j eR a a Sr ees Zone...... RRSP 
a a a a a 
Approval offer not valid outside U.S mraie | 
a ea a. mc: hh hUme.LCUmrL. Ue 





SPECIAL 


Hardness Testing 


Where surfaces are smooth and materials 
homogeneous, tests made by the ““ROCK- 
WELL” Superficial Hardness Tester are 
as representative of the hardness as those 
made on the regular “ROCKWELL” 
even though the depth of indentation is 
only .005” or less. 


This extremely shallow indentation 
adapts the “ROCKWELL” Superficial 
Hardness Tester to the testing of very 
thin material, nitrided or lightly carbur- 
ized steel or areas too small for a regular 
“ROCKWELL?” test. 


This wide range of use accounts for the 
greatly increased acceptance for the 
“ROCKWELL” Superficial Hardness 
Tester — made only by Wilson. 


WILSON = 4«<0 


MECHANICAL INSTRUMENT CO., INC. 
AM ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC 














230-F PARK AVENUE, NEW YORK 17, N.Y. mem 
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A New Horizon for 
Metal Finishing 








BLACKE-9 MAGIC 
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= = om sed _ <i 1. Black Magic, a rich, per- 
BLACK “MAGIC Ry o manent black finish, is extremely 

. ‘ flexible and can be applied to 
single-beth exide block! ee & springs and similar wire prod- 



































ucts. It will not chip or flake off 
but becomes an integral port of 
the metal surface 

2. High resistance to heat is 
vitol in spork plug finishes. 
Black Magic, a tough, heat re- 
sistant and rust inhibiting finish, 
is used regulorly where heat 
changes ore frequent and ex- 
treme. 

3. As a protective finisn for 
geors and small parts, where 
tolerances are important, Block 
Magic covers completely, yet 
effects no dimensional change. 
4. Durable, attractive in ap- 
pearance, Black Megic’s smart 
block adds greatiy to sales ap- 
peal and service life of radio 
parts. The deep-penetrating, 
single-both oxide is economical, 
easy to use. 

5. For exacting specification 
work in optics, Black Magic is 
@ consistent performer. After 
subsequent processing, Black 
Magic makes possible the non- 
reflective, optical black required 
in optical instruments. 

Write for the “Block Book” of detoils 
on Block Magic for iron and steel, 
copper and its alloys, zine and 


MITCHELL-BRADFORD CHEMICAL COMPANY 
MODERN METAL FINISHES 





BLACK-MAGIC OXIDE SLACKING SALTS 
WITCH-OIP & WITCH-ON FINAL FiMiSmES 


SILCO Gless-Bese PROTECTIVE COATING 
MEAT TREATING SALTS. CLEANERS. ETC, 
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* Chain Mail — product of 
the armorsmith during the 
Middle Ages. Intended for 
body protection, but due to 
sloppy heat treating, lost 
many a good customer — 
permanently 


Science Assures Uniform, Top Quality at LAKESIDE 


First, the scientific approach to your steel 
treating; next, the scientific follow-through; 
and finally, the scientific test. Accomplished 
by expert consultation, the use of a practical 
variety of mechanized, precision controlled 
processes and accurate final inspection testing. 
Thus, Lakeside maintains highest “per piece” 
standards, for large volume steel treating on 
short notice. 





OUR SERVICES ... 


Electronic Induction Hardening 
Flame Hardening 

Heat svestiag 

Bar Stock reating and 
Straightening (mill lengths and 


sizes 
Annealing, Stress Relieving 
list 


< 
Pack, Gas or Liquid Carburizing 
Nitriding, Speed Nitriding, 


ng 
Chapmanizing, Cyaniding 
Sand Blasting 
Tensile and Bend Tests 


Vabesiele Jed pnoreriaal | 








S418 LAKESIDE AVE, CLEVELAND 14, OHIO 
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Turbine Disk Alley 
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(Starts on p.584) purposes, followed 
by oil quenching or air cooling. 4 
high proof stress (test at room 
temperature) is desirable, since jt 
conforms roughly to working condi- 
tions at the cool centers of the rotor 
disks and is promoted by aging 
for 20 hr. at 1475°F. and, more 
decidedly, by warm working in 
the temperature range of 1200 to 
1475° F. The values for 0.1% offset 
proof stress are 31,360 psi. for stee| 
after solution treatment, 40,320 psi. 
for solution treated and aged, and 
56,000 psi. for “warm worked” disk 
material, with 40, 25 and 12% 
elongation on L = 4¥A, respectively. 

Stress-rupture, creep and fatigue 
values in the solution treated con- 
dition are shown in the table on 
p. 586. 

These properties compare favor- 
ably with materials developed 
in the United States. The fatigue 
endurance limits are for 40,000,000 
reversals of stress in 300 hr. of 
testing. 

Design curves for total exten- 
sions of 0.2%, 0.5% and 1.0% are 
given in the original article for 
temperatures of 1290 and 1475°F. 





Data on physical constants are also 
listed, along with hot impact data 
which do not show an appreciable 
loss in properties with increasing 
temperature. 

Conclusions from _ preliminary 
X-ray and chemical residue analy- 
ses are that columbium carbide is 
the phase most difficult to dissolve 
and the one which precipitates 
most readily. It was found that the 
different carbide-formers control 
creep strength mainly through 
their influence on the precipitating 
phases and not on the matrix solid 
solution itself. 


A new austenitic steel, © °°. '5 


now undergoing exhaustive imi- 
nation. This has 75% higher «reeP 
strength than G.18B at ! F, 
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Ti and Mo for High 
Alloy Hardeners* 





EE 


HE AUTHORS describe methods 

of investigations used and the 
results obtained for four alloys for 
high-temperature service developed 
by the Westinghouse Electric Corp. 
\ll alloys represent a matrix solid 
solution of Ni-Co-Fe-Cr, hardened 
either by the precipitation of some 
titanide or a molybdenide (with 
intermediate ones in which a titanide 
and molybdenite probably served as 
a hardener). 

The compositions were: 


Ni 25% 42% 37% 20% 
Co = 22 20 30 


Fe 55 14 18 15 
Cr 13 18 18 20 


Ti 1.8 2.2 28 — 
Mo 3 — 3 8 
W — — — 4 
Mn 0.7 0.7 0.7 2 
Si 0.7 0.7 0.7 0.2 
Al 0.2 0.2 0.2 — 
C 0.05% max. in all 


The paper discusses first the 
effects of varying the solution tem- 
peratures, the time and temperature 
of aging, the effects of overaging in 
service, of cycling aging, and of 
various methods of cooling from 
solution temperature. It appears as 
if the overaging due to high service 
temperature is a combination proc- 
ess, consisting mostly of putting the 
hardener back into solution, and 
to a lesser degree in its coales- 
cence. Therefore, lowering the serv- 
ice temperature to the proper range 
causes a considerable recovery of 
hardness. The low velocity of 
coalescence eliminates the necessity 
of a drastic cooling from solution 
temperature. Even furnace-cooled 
specimens can be aged to nearly the 
maximum value of hardness; air 
cooling is usually quite satisfactory 
and oil quenching results in per- 
fectly reproducible values. 

The engineer will be most inter- 
ested in the 13 diagrams showing 
the “design graphs” —that is, the 
values of the nominal stresses which 
Will result in a given effect (extent 
of total and residual elongation, or 
of rupture) at various temperatures 
iM various periods of service. Fur- 
thermore, since the satisfactory serv- 
lee lif farotor (Cont. on p. 590) 

*Abstract of “Precipitation Hard- 
oy te ys for Gas Turbine Service”, 
Boca really une * B. Gordon, 

t S.M.E., August 1947, 
; 


Pp. 583 














Month after 

month, top- 

quality ma- 

chine-tools 

work around 
the clock — 
without the 
proft-killing 
penalty of ex- 
cessive mainte- 
mance down- 
time. Y our best 
assurance of 
this de pendabil- 
ity is Ampco 
Metal in criti- 
cal machine- 
tool parts like 
the shifter fork 
shown bere. 


Death on 


downtime — 
durable Ampco Metal 


parts keep machines at work 


This wear-resistant aluminum 
bronze reduces maintenance 
time and replacement costs . . . 


There’s no ceiling on the cost of 
expensive downtime, but there's 
good insurance against it—durable 
Ampco Metal in critical machine- 
tool parts. The extra wear-resist- 
ance of this modern aluminum 
bronze means longer and better 


service —lower maintenance costs. 


Ampco Metal parts are a mark 
of quality to look for when you 
buy new equipment. Replace worn 


AD-32A 





parts in your present machines 
with Ampco Metal to’ reduce re- 
placement frequency in the future 
and slash your service and mainte- 


nance costs to a new low. 


Ampco Metal can be produced 
by centrifugal- and sand-casting, 
extrusion, or forging processes ac- 
cording to your requirements. Let 
your nearby Ampco engineer help 
you select the proper grade for 
your needs, from the seven stand- 
ard grades and several modifica- 
tions available. For complete in- 


formation, write for Bulletin 71. 


Ampco Metal, Inc. 
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has 7 outstanding 
advantages 
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NEW INSTRUMENTS 
NEW TECHNICAL DATA 


BULLETIN 100 
“Resistance Standards and 
Resistance Bridges” 


Included are complete descriptions of Rubicon 
Standard Resistors (Bureav of Standards and 
Reichsanstalt Types), Standard Shunts, Decade 
Resistance Boxes, Unmounted Decade Resistors, 
Wheatstone Bridges (laboratory and portable), 
Mueller Resistance Thermometer Bridge, Kelvin 
Bridges (laboratory and portable), and Limit 
Bridges (for production testing). 


BULLETIN 270 

“Potentiometers” 
Concise, factual information on Rubicon Type 
B High Precision Potentiometer, Type C Micro- 
volt Potentiometers (single and double), Type 
D Microvolt Potentiometers, Portable Precision 
Potentiometers, Type S Students’ Potentiome- 
ter, Temperature-Calibrated Potentiometers, 
Brooks Model 7 Deflection Potentiometer, and 
accessories including volt boxes, standard 
cells, keys and batteries. 


RUBICON COMPANY 


Electrical Instrument Makers 
$758 Ridge Avenue Philadelphia 32, Pa. 
Fer your convenience, fill ovt and send this coupon today! 


RUBICON COMPANY 
3758 Ridge Avenve * Philadelphia 32, Pa. 
Please send Bulletin 100 [) Bulletin 270 (J 


Name 
Organization 


Address ei iti 

















Ti and Mo for High 
Alloy Hardeners 





(From p. 589) of the gas turbine 
need not exceed, at present, 1000 
hr., those diagrams make it practical 
to compute the proper sectional 
dimensions of the rotor’s parts. 

All four alloys named are quite 
forgeable, although the ranges of 
forging vary, the starting point for 
the first alloy being 1950° F., and for 
the fourth 2150° F. All are readily 
machinable after the solution treat- 
ment, and can be machined even in 
their fully aged state. 

The final paragraphs of the paper 
give a brief discussion of endurance 
values which were being investigated 
at the moment, and of the auxiliary 
physical characteristics such as den- 
sities and thermal expansion factors. 
As in all other alloys hardenable by 
a simple precipitation process, the 
aged metal is somewhat more dense 
than the quenched. 

It appears as if the first alloy 
should give good service at a tem- 
perature of 1200° F. and the fourth 
even at 1500 to 1600°F., the other 
two being satisfactory at intermedi- 
ate temperatures. The first alloy is 
less expensive in composition and 
also less expensive in forging than 
the third and the fourth. It seems 
to the reviewer, however, in view of 
the highly specialized service for 
which they are intended, that the 
fourth alloy (high in cobalt and 
molybdenum) should form a univer- 
sal material and supersede the first 
three. 

Since the subject is of extreme 
importance, the reviewer may be 
permitted to add the following lines: 

While the use of the logarithms 
of time and of squares of tempera- 
tures for the abscissae in the dia- 
grams might be convenient, it robs 
the graphs of their physical meaning 
because neither the logarithm of 
time nor the square of the tempera- 
ture are physical dimensions. It 
would be most desirable to break up 
the diagrams into two or three con- 
secutive range-diagrams, using differ- 
ent scales for each range. The semi- 
log diagrams have one great defect 
—extrapolation is rather question- 
able and would indicate a _ near- 
infinite strength for the rapid-loading 
test. And while the normal diagram 
must always be convex toward the 
abscissae, the semi-log one is some- 
times concave, which gives a wrong 
idea of its true run. (Cont. on p. 592) 
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THIS LITTLE BOOK 
MAY SAVE YOU Blt 
PRODUCTION MONEY! 


Tells how you can save 
from 10# to 20¢ a pound 
on high speed steels and 
get better results! 


Gives actual shop tests 
and comparisons! 


Practical data on heat 
treatment! 


Tells you how manufac- 
turers are cutting produc- 
tion costs! 
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LYBDIC OXIDE — BRIQUETTED OR CANNED + FERROMOLYT) 
NUM “CALCIUM MOLYBDATE” © CLIMAX FURNISHES AUTHOR 
ATIVE ENGINEERING DATA UN MOLYBDENUM APPLICATIONS. 


MAIL COUPON TODAY! 
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CLIMAX MOLYBDENUM COMPANY 
500 Fifth Avenue, New York 18, N. Y. 


Please send me a copy of 
your free booklet 
































ite, OPTICAL PYROMETER 


This simplified Optical Pyrometer takes 
the “wreck” out of “reckon”. Many a 
heat has been wrecked as a result of 
“guessing” at the temperature. “PYRO” 
is a lightweight (3 Ibs.), totally SELF- 
CONTAINED, DIRECT READING, 
STURDY PRECISION Instrument 
made to stand rough use, but it is 
ABSOLUTELY ACCURATE and DE- 
PENDABLE. No correction charts, no 
accessories, no upkeep! New concen- 
trated testmark and ease of operation 
permit unusually CLOSE and RAPID 
temperature determination even on 
MINUTE SPOTS, FAST MOVING 
OBJECTS or the SMALLEST 
STREAMS. 

THE “SPECIAL FOUNDRY TYPE” AND 
“TRIPLE RANGE” HAVE, IN ADDITION TO 
THE STANDARD CALIBRATED BANGES, A 
RED CORRECTION SCALE DETERMINING 
THE TRUE SPOUT AND POURING TEM- 
PERATURES OF MOLTEN IRON AND STEEL 
WHEN MEASURED IN THE OPEN. 


PYRO is furnished in 5 ranges to mont all 
plant and iliaberatery ulrements; is 
standard equipment with leading im. 
in YOUR industry. 


Stock Ranges 1400° F. te 5000° F. 
Ask for Catalog No. 80 


Por NON-FERROUS foundry work use PYRO 
IMMERSION Pyrometer. Ask for Catalog No. 110 


The Pyrometer Instrument Co. 
Plant and Laberatery 
107-108 Lafayette St. “i New York, N.Y 














J PLAN TO INSTALL 


INDUSTRIAL Gos EQUIPMENT 


NO BLOWER or POWER NECESSARY 
- ++ just connect to gas supply 


Atmospheric Pot Hardening 
Furnaces for Salt, Cyanide 
and Lead Hardening. Also 
adapted for gr © Alu- 
minum. Attain 1650° F. 


<— 


Buzzer ) iu 
Heat = ~- 4 bo Gatien 
Tinning and Melting Furnaces. 
Send for the complete ‘‘BUZZER"' Catalog 


CHARLES A. HONES, inc 


123 So. Grand Ave. Baldwin, L.I..N. Y, 





CHACE THERMOSTATIC BIMETAL 


BIMETAL 
7 e— BINETA 


No. 14— Circuit Breaker, product of 


Westinghouse Electric Corporation 


Type AB De-lon Circuit Breaker, a product of 
Westinghouse Electric Corporation, is shown in a trans- 
parent plastic case to illustrate another typical use of 
Chace Thermostatic Bimetal. For dependability plus 
safety and efficiency, operating ports are enclosed 
and insulated; safety is increased by high interrupting 
capacity. Low resistance results from electrically 
welded connections, low current-density loading and 
the silver alloy contacts which maintain low resistance 
throughout life of the breaker. Underlying principle 
of De-lon Action is a series of slotted plates mounted 
between insulating supports, extending directly over 
contacts, which divide and extinguish arc. The AB 
Circuit Breaker has a combination bimetal thermal 
and magnetic tripping action for instantaneous opera- 
tion on extreme overload or short circuit, with inverse 


time limit. Bimetal trip action is shown above. 


W.-M. Chace Company furnishes dependable thermo- 
static bimetal to exacting requirements for actuating 
elements in many such heat-responsive mechanisms. 


WM. CHACE co 


— Mlanufeat esas 
Thermostatic Birnetals 


o2lt BEARD AVE DETROIT FY Mich 
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FOR THE UTMOST IN 


RUST PREVENTION 


TRANSMISSION TOWERS 


Sealed in Zinc 
for Longer Life 


Thousands of these struc- 
tures, throughout the world, 
are today resisting the 
ravages of rust and cor- 
rosion because specifi- 
cations demanded—''Hot- 
Dip Galvanize.”’ 


This most modern method 
of fusing molten zinc with 
base metal is available to 
you through any member 
of the American Hot Dip 
Galvanizers Association. 
Each member, with access 
to the accumulated ‘‘know- 
how”’ of the entire member- 
ship, is prepared to give 
you the advantages of this 
broad technical experience. 


You are assured of the high- 
est quality in workmanship 
and materials, the most mod- 
ern methods, and the utmost 
in value when your products 
are galvanized by any of the 
Association's members. For 
membership roster, write 
the Secretary, American Hot 
Dip Galvanizers Association, 
Inc., First National Bank 
Building, Pittsburgh, Penna. 


hot-dip 


GALVANIZING 














Ti and Mo for High 
Alloy Hardeners 








(Starts on p. 589) 
Furthermore, it would be most 
desirable to possess tables and dia- 
grams from which a series of precise 
stress values could be taken for 0, 
200, 400, 600, 800 and 1000 hr. under 
load. This might permit one to 
establish a functional relationship 
between the stress and the time, and 
a relationship of that kind might be 
of great value to the engineer and 
perhaps of even a greater value to 

the theoretical metallurgist. 

M. G. Corson 





Brittle Plate Welds* 





N THIS ARTICLE the authors 

examined the mechanism of fail- 
ure in bending of notched steel 
plates 4% to % in. thick and 12x3 
in. in area. The samples had two 
semicircular notches 1-mm. deep 
4 in. apart; each plate had a cen- 
tral, longitudinal bead of arc depos- 
ited metal on the notched surface. 
Two kinds of steel were used. The 
majority of tests were performed on 
mild steel with 0.25% C, 0.66% Mn, 
and 0.19% Si (silicon killed). A 
steel with 0.14% C, but with 1.29% 
Mn and small amounts of Ti and V, 
was apparently used merely to 
check the conclusions drawn from 
the tests on the first material. 

The specimens were given a large 
variety of treatments, only one fea- 
ture being common to all tests: The 
specimens were prebent to an angle 
approximating 70% of the angle of 
failure and given the final test to 
failure seven days later. Variations 
in treatment involved variable speeds 
of depositing the weld metal of the 
bead, various temperatures of pre- 
heating the specimens followed by 
hardening by quenching in mineral 
oil with and without subsequent 
drawing, and various methods of 
heat treating the specimens after the 
weld had been laid down. 

The authors appear to have pro- 
duced substantial (Cont. on p. 594) 


*Abstract of “Metallurgical Fac- 
tors in the Embrittlement of Welded 
Plate”, by R. D. Stout and L. J. 
McGeady. Welding Journal Research 
Supplement, November 1947, p. 683-s 
to 692-s. 
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Gives Continued Accuracy, 
Rapid Measurements 


TH CLARK has everything you 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators, test 
blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS wich 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
imstruc- 


simple steps. Complete 
tions, perma- 
nently fas- 


tened to base. 



































MASTER DIAMOND 
CHECKING SET elimi- 
mates hardness 
tester errors. 
Consists of a mas- 
tec diamond pen- 
etrator and two 
rest blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. ur- 
nished in leather 
case. 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
cootains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
day! 








CLASHATOR CHECKS DIAL 


INDICATORS 
CLARK 
INSTRUMENT, INC. 
Mich. 


10200 Ferd Read - Dearborn, 
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THE STRUCTURE OF CAST 
IRON by Alfred Boyles, 
United Pipe & Foundry Co. 


Common gray iron is an alloy 
of great complexity and it is dis- 
cussed comprehensively here, in 
a book based on lectures during 
the 1946 National Metal Congress 
and Exposition. The book deals 
with the structure of cast iron as 
determined by the mechanism of 
freezing and transformation and 
the argument is frankly addressed 
to metallurgists familiar with steel 
and unfamiliar with cast iron. Cast 
iron is dealt with as a ternary al- 
loy of iron, carbon and silicon, the 
structure of which is modified by 
the minor elements, manganese, 
sulphur and phosphorus. Attention 
is centered for the most part on al- 
loys of hypoeutectic composition 
because most of the gray irons of 
commerce fall in this classification. 
Many references are cited. 


TABLE OF CONTENTS 


Iron-Carbon-Silicon diagram 
Mechanism of freezing— structure of 
quenched specimens; relation of graph- 
ite to primary structures; alloys of iron, 
carbon and silicon; structure of quenched 
specimens; additions to iron-carbon-sili- 
con alloy; mechanism of graphite flake 
formation . . . Segregation during solidi- 
fication—segregation of phosphorus, of 
sulphur in the absence or presence of 
manganese . . . Types of graphite flake 
structure—-ASTM chart of flake types: 
A, uniform distribution, random orienta- 
tion; B, rosette groupings, random orien- 
tation; C, superimposed flake sizes, ran- 
dom orientation; D, interdendritic segre- 
gation, random orientation; E, interden- 
dritic segregation, preferred orientation 

. Factors affecting primary structure 
composition with respect to carbon and 
silicon; influence of carbon and silicon 
om graphitization; influence of cooling 
tate; undercooling and inoculation; struc- 
tural differences between iron-carbon- 
silicon alloys and cast iron; influence of 
gases; examples of structural changes 
produced by melting in different gases; 
gas theory of inoculant action .. . Trans- 
formations in the solid state—structure 
of the specimens; stable equilibrium dia- 
fram; amount of ferrite formed at vari- 
ous temperatures; transformation rate at 
constant subcritical temperatures; discus- 
sion of structures; transformation in 
castings; structure of castings; progress 
of transf rmation in castings; other fac- 
‘ors influencing amount of ferrite; infiu- 
fnce of minor elements; influence of 
Bases Appendix. 


14 pages .. 6 x 9.. 94 illustra- 
lions. . red cloth binding . . $3.25 








INTRODUCTORY PHYS- 
ICAL METALLURGY ... by 
Clyde Mason, Professor of Metal- 
lography, School of Chemical and 
Metallurgical Engineering, Cor- 
nell University. 


This interesting book on phys- 
ical metallurgy is based on a series 
of lectures presented during the 
1947 National Metal Congress 
and Exposition. Prof. Mason 
points out that within the present 
generation scientific knowledge of 
metals has grown enough so that 
we can begin to understand what 
goes on inside them, and why they 
behave as they do. This is the field 
of physical metallurgy. 

It is up to the worker with met- 
als to follow what’s new as well as 
to understand what’s old, and this 
book helps the reader to do just 
that. General principles and be- 
havior that are common to many 
metals are summarized. Knowl- 
edge of the alloys of one metal fre- 


quently applies to those of another, © 


and as Prof. Mason says, “It won't 
hurt any ‘brass’ man to learn a lit- 
tle about alloys that aren’t yellow, 
particularly since metals are so 
often in competition with each 
other”. 


TABLE OF CONTENTS 


Nature and formation of metal crystals 
—extractive metallurgy; crystalline na- 
ture of metals; dendritic and columnar 
structures in cast metals ... Alloys as 
solid solutions—properties of solid solu- 
tions; freezing of solid solution alloys; 
coring; limits of solid solubility 
Working and annealing of metals — 
elastic and plastic deformation; work 
hardening, fatigue and creep; annealing 
and recrystallization . . . Unmixing of 
solid and liquid solutions—age or pre- 
cipitation hardening; aluminum alloys; 
eutectic alloys; structural composition 
from phase diagrams . . . Solid solution 
in brasses and bronzes—‘“Alpha” alloys; 
intermetallic compounds; geometrical 
precipitation; peritectic reactions 
Iron and steel—polymorphic transforma- 
tions; eutectoids; structural changes with 
temperature . . . Heat treatment of steels 
. . . Cast irons—quenching and temper- 
ing; alloy steels; white, malleable, and 
gray cast irons . . . Corrosion—electro- 
chemical reactions; couple action; hydro- 
gen ions and oxygen in corrosion. 


130 pages... 6x 9.. 76 illustra- 
tions .. red cloth binding . . $3.00 


Do You Have These Important 
Recent Books? They Should Be 
In Your Library. Send check or 
money order today for the books 
you need to— American Society 
for Metals, 7301 Euclid Avenue, 
Cleveland 3, Ohio. 
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14 How are Harper Electric 
« Furnaces Designed? 


They are designed by qualified 
engineers to provide furnaces of 
dependable operation for their 
specific applications. 





This photograph shows a Harper 
Electric Furnace specially de- 
signed for continuous bright an- 
nealing of 30 strands of stainless 
steel wire. , 


This furnace is manifolded for 
delivering hydrogen to each of 
the 30 tubes before wire enters 
water-cooled chamber. It pro- 
vides for uniform temperature in 
annealing zone to give accurate 
quality control. 


Write for data. 


Tar per 


eaecrarc #uenace O#rorarion 


1450 Buffalo Avenue 
NIAGARA FALLS, N. Y. 


Representatives in Principal Cities 




















.. + but it can 
also cause trouble when 
it comes to Cutting Fluids 


While it is obvious that the num- 
ber of different types of cutting 
fluids used in any plant should be 
kept to a minimum, over-standardi- 
zation can be very costly. There is 
no universal “one-shot” cutting 
fluid. The many variables involved 
in the wide variety of machining 
operations encountered in most 
shops make it difficult for any. one 
individual to make the most intelli- 
gent selection and application of 
cutting fluids. The D. A. Stuart Oil 
representative has behind him the 
resources of 82 years’ company ex- 
perience, a finely equipped labora- 
tory and a sound list of products. 
He will not be unsupported when he 
calls to help you. His recommenda- 
tions will not call for more different 
fluids than are essential to maxi- 
mum performance, but on the con- 
trary, may result in a decrease in 
the number of oils used in your shop. 

Literally thousands of authenti- 
cated case studies prove Stuart pro- 
ducts, coupled with Stuart service, 
almost always result in greater pro- 
duction, better finishes and longer 
tool life. Don’t overlook the op- 
portunities afforded by proper cut- 
ting fluids properly applied. Write 
today and ask for D. A. Stuart’s 
booklet, “Cutting Fluids for Better 
Machining”. 


STUART oc engineering goes 
with every barrel 
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p.A. Stuart [fil co. 


2743 South Troy Street, Chicago 23, IIl. 




















Brittle Plate Welds 





(Cont, from p. 592) proof for their 
conclusion that cracking begins long 
before the angle of complete failure 
is reached in the bend test, if the 
specimens are welded and _ tested 
without any heat treatment pre- 
ceding or following. For example, 
when the weld was deposited at 
10 in. per min., the first crack in 
either of the steels can be detected 
at 3° bend angle, far below the 7° 
angle at which sudden failure 
occurs. (In specimens with welded 
bead made at slower speeds, the 
crack did not develop so rapidly, 
but its course of growth followed 
a similar pattern.) The cracking 
Starts in that zone in the neighbor- 
hood of the weld where the metal 
became heated to within the critical 
range. The size of the metallic 
grains produced there appears to 
have been of a secondary influence, 
the main reason for the intergranular 
cracking reposing in the co-exist- 
ence of hard islands of martensite 
in a matrix of weak ferrite plus 
grain boundary pearlite. 

The best method of eliminating 
the loss of ductility consists — 
according to the authors — in bring- 
ing the material into a hardened, 
drawn or spheroidized state, that is, 
putting it into the most mechanically 
uniform structural state, before pro- 
ceeding with the welding operation. 
Second best would be heating the 
welded material to the point where 
the martensite islands are eliminated 
and the resulting carbides can be 
sufliciently dispersed. 

Since, however, neither pretreat- 
ment nor after-treatment of the 
welded structures can be economi- 
cally or even technically performed, 
the authors suggest the use of a 
moderate after-treatment of welded 
joints with the flame of a cutting 
torch. The resulting improvement 
is quite substantial. 

High heat inputs during weld- 
ing are beneficial because they pro- 
vide cooling rates which form less 
damaging microstructures in the 
base metal. 

The authors supplied additional 
proofs for their conclusions by 
Charpy specimens brought to a 
structural state almost identical to 
that formed in the dangerous zone 
during welding. These had a low 
ductility, but either preheating 
(quenching from 1600° F.) or post- 
heating (1200°) fully restored their 
ductility. 8 
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® MELTS SHARPLY — Tempil® products hove . 
sharp and rapid melting action at stated tem. 
peratures . . . are available in liquid, crayon, 
or pellet form, as a convenient means of signal- 
ling temperatures in a multitude of industric’ 
operations. 

® READILY IDENTIFIED — Each Tempil® produ 
is clearly marked with the temperature at which 
it melts. In addition, Tempil° products are mode 
in a distinguishing color for each melting point 
® ACCURACY — Tempil® products have o mean 
accuracy of within 1% of stated temperature 
® USES — Tempil® products are widely used to 
prevent cracks and failures in metal processing, 
make stronger and safer 
welds; repair costly castings, 
forgings and machine equip- 
nent; in hard-surfacing, 
straightening hardened 
parts, drawing, tempering 
ond local heat- 
treating. 








TEMPILSTIK® in 13° steps ... 125° F. 10 
400° F. In 50° steps . . . 400° F. to 1600 F 
For welding, forging, heat-treating and fobr- 
cation of metals; molding of gloss, rubber ond 
plastics, etc. 


TEMPIL® PELLETS in 25° steps... 125 F 
to 350° F. In 50° steps . . . 400° F. to 1700 F 
To determine temperatures in heat-treating of 
large units or extensive areas; checking furnace 
or engine temperatures; setting induction-heo'e’ 
‘timers, etc. 

TEMPILAQ® In 25° steps ... 125 Ff” 
350° F. In 50° steps . . . 400° F. to 1700 F 
For heat-treating or processing, particularly ” 
interiors not accessible for Tempilstiks” or Pe’ 
lets; ideal for glazed or polished surfocts 
glass, plastics, etc. 

Write Gordon today for Tempil® Preheating Cro 
Tempil® scale for weld bend testing ond complet 

information on Tempil® products. 


~: GORDON: 
°¢ SERVICE. >: 


CLAUD S. GORDON C0. 


Specialists for 33 Years in the Heo! Treating 
and Temperature Control § eld 


Dept. 15 © 3000 South Wallace St., ©’ ase 
Dept.15 © 7016 Euclid Avenue © Clev\and 
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